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‘ MEMORANDUM FOR FILE

INTRODUCTION

The operating aspects of the Skylab FEarth Resources Experiment
Program (EREP) differ sipgnificantly from the other scientific
investigations to be carried out on Skylab in that a basic
facility 1s being supplied for use by a large number of
investipgators rather than just a few. Each of the investigators
is interested in different data taken under widely-differing
conditions. For example, a study of a candidate set of 161
investigations, or proposals, (the same set used in an MSC
mission sizing study) revealed some 891 schedulable oblectives,
Many of these objectives require multiple passes over the Fround
site to be satisfied. The proposals referenced 556 different,
though in many cases, overlapping, ground sites. The data
required is to be taken under a wide variety of lighting
constraints, cloud cover constraints, and in various months
throughout the year. Fach objective requires that a certain
set of sensors be used in the various modes in which the sensors
can operate. In addition, many of the proposals have special
constraints. Some require data obtained only on an ascending
(heading in a northeasterly direction) pass across the ground
‘ site. One requires a night pass occurring within one day of
a davlieht pass. The mission planner must combine this complex
set of requirements with the trajectory data, and with the other
constraints placed on the crew work schedule. The uncertainty
of local weather in the multitude of areas of interest further
adds to his problem. We concluded that the planning task was
too formidable to be efficiently done by hand. Certainly, the
numerous studies one would like to perform would be severely
‘ limited. Consequently, it was decided to builld a computer
program which would take care of most of the bookkeeping and
data handling required, and hopefully free the planner of most
of the tedious labor involved.




This memorandum describes that program as it exists now. While
there are desirable additional features and canabilities not
currently implemented, it is felt that the prosram is advanced
enouph to be useful in mission planning studies and, perhavs,
in the real time flight control environment. The demise of
Bellcomm precludes further development and use by Bellcomm, but
it is hoped that NASA will find it useful enough to fustify the
usual pangs of picking up somebody else's propram. Since the
current situation was known at the program's inception, every
effort was made to keep its structure and coding as

strairht forward as possible.

The program was designed to be used by the planner, as opposed
to a programmer, in an interactive time-sharing environment.

The user is only required to remember a few commands and some
flexibility in thelr proper spelling is allowed. He is
requested, more or less 1n English, to supplv necessarv problem
data at the time it is required. Where a particular format for
user supplied data is expected, he is reminded of the correct
format. Some data 1s less frequently supplied by the user so
provision is made for him to be reminded of proper spelling if
he so desires. The net result, it is hoped, is that the propram
is relatively simple to operate and the user's thourht processes
may be given over to more important things. None of this, of
course, obviates the need for the user to have a basic
understanding of what the program is doing when he gives it a
cormmand. He must have the understanding to properlv orerate

the program and to correctly interpret the results.

Operation of the program in a batch mode is somewhat awkward

in that the data deck must be carefully stacked and propran
requests for data or responses must be anticipated. There are
certain situations, however, where batch oneration is worth the
trouble - where voluminous displayvs of data are required for
example.

With the exception of one subroutine, the entire program is
written in Fortran and uses standard UNIVAC librarv routines.
It 1Is currently structured to be run on a UNIVAC 1108 under the
Exec 8 operating system. It currently requires approximately
13000 words for program storage and about 45000 words for data
storare. Further segmentation and linked operation of the
nrorram 1s, of course, possible if the storage requirements are
too larpe for a particular environment.



The non-Fortran subroutine, CINOTE, suvnplies a convenience
feature and is not actually required by the program, It allows
interruption of a lengthy data disnlay, in the event the user
gets tired of looking at i1t, and returns control to the user.

It 1s written in 1108 assembly lanpuage and a listing is included
with the other listings.

DATA BASE

A proun of files which cataloge the reaquirements of the various
proposals, describe the ground sites, and specifv the parameters
of each revolution of the trajectory comprise the main data
base. The contents and organization of the files in each of
these catepgories are described below.

Proposal Requirements

The data file titled EREPD describes, in a coded format, the
requirements of the majority of the proposals for performing
earth resources investigations presently under consideration,
EREPD is the raw data file constructed directly from a reading
of the proposals. Several proposals were omitted for the
following reasons: (a) the proposer merely required data from
some other investigation, (b) the associated ground site would ’
only be specified shortly before the mission, or would be
specified in real time.

The file EREPD is constructed to be read by a namelist read
directly into an array, EREP, dimensioned 15, n; where n is the
number of proposal subobjective (FO's) to be considered.
Accordingly, the first card image in EREPD is "ASEREPD", the
second card imape is AEREP =, and the last card imape is "ASEND".
(The A indicates a blank in column 1.) Each card image in between
contains a blank in column 1 followed by fifteen floating point
numbers. A comma follows each number.

The sequence and format of each of the entries in a row (or
card image) are described below.

Entry 1 - proposal number, assigned by NASA. DMost usually
a three diglt number; e.g. 052., 356., etec. Sub-
sectloned provosals are encoded with a four digpit
number with the proposal sub-section number ap-
pearing as the thousands digit; e.r. proposal 540-3
is indicated by "3540."



Entry 2 - flight objective number. A flight objective is
defined to be an individual, schedulable event
necessary for the performance of a particular pro-
posal. For example, a particular nroposal sveci-
fies that two passes over a prescribed site are
required; one a daylight pass in May, and the
other a night pass in November. One daylight pass
over the site occurring svecifically in May would
be denoted as fllight objective #1 of this »roposal,
and a night pass occurring specifically in November
would be flight objective #2. Multiple sites,
variable instrument combinations, different sea-
sonal requirements, etc., associated with a pro-
posal result in the designation of multiple flieht
objectives.

Entry 3 - site number. This number denotes the ground site
assoclated with the particular proposal. The geo-
graphic description of each of the sites referenced
in the proposals 1s contained in a file titled SITE
which is described later.

Entry 4 - discipline. A one-digit number which encodes the
discipline into which the proposal is categorized;
viz. 1 = agriculture/forestry, 2 = ecolory, 3 =
geography, 4 = geology, 5 = hydrologv, 6 = inter-
pretation techniques development, 7 = meteorolopy,
8 = oceanography, 9 = sensor technology.

Entry

(01|

- sensors required. A five diegit number, each dirit
of which is either "0" or "1", used to encode the
sensor requirements for the particular flight ob-
jective. The units digit indicates S-190, the
tens digit indicates S-191, etec. The digit "1"
indicates that the instrument is required, and the
digit "O" indicates that the instrument is not
required.

Entry 6 - seasonal requirements. A four digit number which
indicates the extent of the calendar months within
which a flipght oblective may be satisfied. The
tens and units diglts indicate the latest ac-
ceptable month for satisfying the flight objective;
the thousand and hundreds digits indicate the



Entry 7 -

Entry

0

earliest acceptable month., A flight objective for
which a pass at anytime between May and September
was acceptable would thus have the season entry
"0509."; a flipght objective for which a pass be-
tween November and March was acceptable would have
the season entry "1103."; a flight objective which
required a September pass would have the season
entry "0909.".

pass type. This four digit number describes the
pass, or passes, reaquired to satisfy a particular
flight objective. The units digit may be either
"o", "1", or "2" with the following interpreta-
tions:

"O" - arbitrary, unrelated pass(es) over a site
is reauired.

"1" - repeating passes at "ab" day intervals
are required, where "ab" are the hundreds
and tens dipglits of the pass tyvpe descrip-
tor.

"2" - complete coverape of the site is reauired.

The thousands diglit indlcates either the
number of passes required when the units
digit is "O" or "1", or the number of
complete coverapges required when the units
digit 1s "2". A requirement for two ar-
bitraryv passes 1is indicated as "2000.",
"2101." indicates that two passes separa-
ted by a ten-day interval are required,
and "2002." indicates that two complete
coverages of the site are required (the
number of passes to achleve two complete
coverages is unspecified). In some cases
multiple repeat coverages are required.
Two total coverages 20 days apart for
example, would be coded 2202,

special note. This is a number which refers to a
separate 1list of unique requirements which could
not be reasonably formatted otherwise., Examples
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-6 -

are: Note #3 (Proposal 380), "One night pass
ideally to occur within one day of a dayliesht pass;
Note #11 (Proposal 4L6), "Lighting to give minimal
sun glint", When a note is not required, "0" was
entered.

and 10 - lighting data. Entries 9 and 10, respec-
tively, give the minimum and maximum acceptable
sun elevation angles at the site in degrees.

Entries 11 and 12 - cloud cover data. Entries 11 and 12,

respectively, pive the minimum and maximum allowa-
ble e¢loud cover over the site in percent of com-
plete overcast; no reference is made to cloud type.

Entries 13 and 14 - snow cover data. Entries 13 and 14,

respectively, give the minimum and maximum accepta-
ble snow cover in percent of the site area which is
snow covered. Required snow depths, if anyv, are
not recorded.

Entry 15 - flight objective welght. This entryv gives the

weight, within each individual proposal, assigned
to the corresponding flipght objective. The total
of the weights of all the flight objectives of each
proposal is 100; i.e. all the proposals are con-
sidered to be of equal importance, though the in-
dividual FO's may be unequally weighted if the
proposer so indicated.

The program currently takes no action as a result of a special
note (or entry in item 8). The following is a list of the
meaning of the notes.

#1, Prop.

#2, Prop.
1200,

#3, Prop.

057, "Sites provided during mission in real time".

357, "Pass 1 at 1000, passes 2-9 between 0600 and
pass 10 at 1500"., (All times are local.)

380, "One nipht pass ideally to occur within one

day of a daylight pass".

#4, Prop.

423, "Descending passes preferred".




#5,
#6,
#7,

#8,

49,
#10,
#11,

#12,

413,
414,

415,

#16,

#17,

418,

#19,

#20,

Prop. 541, "Ascending pass required".
Prop. 541, "Descending pass required".

Prop. 583, FOl, "Look for glory or glitter and non-glory
or non-glitter; corn".

Prop. 583, F02, "Ground track crossover points at 1.5,
3.0, or 4.5 hour intervals".

Prop. 583, F03, "Look for glory and non-glory; wheat",
Prop. 070, "Require observation of spring tides".
Prop. 446, "Lighting to give minimal sun glint".

Pron. 571, "Frequency: Pairs either at 2-3 dav inter-
vals or 3 passes during SL-2, 3 passes during SL-3,
and 4 passes during SL-4." (The EREPD array entries
assumed the second option.)

Prop. 587, "Imarery of earth 1limb",.

Prop. 433, "Preferred: descending passes over areas 1, 2

and 3. First alternate: ascending passes over areas 2,

3, and 4. Second alternate: descending passes over areas
4 ang 5".

9

Prop. U464, "Specific geographic area supplied in real
time",

Prop. 052, "Pass between 1200 and 1600". (Correspond-
inpg sun angles depend on latitude and season.)

Prop. 052, "Pass between 1100 and 1300". (Correspond-
ing sun angles depend on latitude and season.)

Prop. 441, "One pass, pre-dawn". (Sun elevation angle
information precludes distinguishing between pre-dawn
and post sun-down.)

Prop, 441, "One pass, after sun-down".

Prop. 457-1, "Two passes with S-193".




#21, Prop. 540-6, "Lock on and track site 541 with S-191
during all overflights".

The proposal requirements data are input to the main EREP program

from the data file ERDATA.
the auxiliary routine MSORT.

ERDATA is generated from EREPD by
The EREPD file is read via a

namelist read, and each FO is sorted into a mission caterory

as follows:

Category

2

23

24

234

3l

it

FO's which
during the

FO's which
during the
mission

FO's which
during the
mission

FO's which
any of the

FO's which
during the

FO's which

Description

can be accomplished
SL=-2 mission

can be accomplished
SL-2 mission or the

can be accomplished
SL-2 mission or the

can be accomplished
three missions

can be accomplished
SL-3 mission

can be accomplished

during SL-3 or SL-U4

FO's which

during SL-U4

can be accomplished

only

only
SL-3

only
SL"L;

durine

onlv

only

only

Any FO not falling into one of the catepories is ipgnored. The
sorted FO's are then placed into a proposal information array
by mission category in the order 2, 23, 24, 234, 3, 34, U4,

The following arrays are output in binary to file ERDATA: (1)

a 7x2 integer array where (k,1l) and (X,2) indicate the start

and end of the data for the Kth mission catersory in the proposal
array and (2) the 15x1000 floating point proposal array where




(J,K), J=1,15 is the proposal information for the Kth entry in
the proposal array.

Ground Site Description

Throughout the proposals, ground sites were penerally specified
in one of three fashions. First, many proposals explicitly
indicated the geographic coordinates defining the site; such
data were recorded verbatim. Secondly, certain proposals
referenced designated Earth Resources Experiment Packape Test
Sites; the coordinate data for these sites were obtained from
the February 1971 issue of the EREP Users Handbook. Lastly,
many proposals merely described the required sites verballyv;
viz. the Sahara, Mediterranean shore of Israel, names of cities
names of Calderas, etc. Coordinate data for such sites were
variously obtained from the following sources:

3

(1) Rand McNally Road Atlas, 47th Annual Edition

(2) The Times Atlas of the World, Mid-Century Edition,
Houghton Mifflin Company, Boston 1957,

(3) The National Atlas of the United States of America,
United States Department of the Interior, Geological
Survey, Washington, D.C., 1970.

(4) The Encyclopedia of Oceanography, Rhodes W.
Fairbridge, Relnhold Publishing Co., New York, 1966,

(5) Volcanic Landforms and Surface Features, J. Green
and N. M. Short, Springer-Verlag, New York, 1971.

The raw ground site data are maintained in a file element named
NEWDAT. This file 1lists each site number and the latitude and
lonritude (both in deprees) of the corner points of each site.

The data in NEWDAT is organized to be read by a namelist read
directly into two arrays in the auxiliary program SITES. The
first card image in NEWDAT is A$INEREP and the last card image

1s ASEND where the "A"™ indicates the first column blanl. A1l
card images in between must contain a blank in column 1. The
site data, which is to be read into the array EREP, is preceded
by the card image AEREP=., Subsequent card images contain the
site corner point values - expressed as the latitude (in defrees)
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followed by the longitude (in degrees) of the point. The set
of points for one site 1s separated from the set of points for
- the next by the two numbers: 9999.0, 9999.0,. (A comma must
follow every data value in namelist formatted input.) The end
of the last set of points is indicated by the two numbers: -
9999.0, -9999.0,. The remainder of the data in NEWDAT is a
1list of the site numbers assembled in the same order as the
sets of corner points. This data will be read into the array
EREPNO and so 1is preceded by the card image AEREPNO=,.

The auxiliary propgram SITES is located on program file (and
element) EREP.SITES. SITES reads the site data from NEWDAT,
converts 1t to a format readable by the main program (subroutline

COMMON reads it) and outputs it onto the data file LATLON.

LATLON contains a counter and two arrays written out in binary.
The counter is the integer value of the hiphest numerical value
assigned as a site number. One array 1s an integer array,
dimensioned 2x600. Entry (1,K) indicates the start location

in the array of corner points at which points for the Kth site
are defined. Entry (2,K) indicates the number of points which
define the Kth site. The other array contains the site corner
points, is floating point, and is dimensioned 2x5000. Entry
(1,L) is the latitude of a point, and entry (2,L) is the
longitude of a point (degrees). Note that if either the total
number of sites or the highest numerical value of a site exceeds
600, or if more than 5000 corner points are required, the
dimensions of the arrays should be enlarged - in subroutine
COMMON as well as in SITES.

Trajectory Description

The trajectory data for the current nominal launch conditions,
generated by a modified version of the Bellcomm Apollo Simulation
Program and including the three missions, are stored in binary
on file NEWANO. Routine MISION on program file EREP reads the
data from NEWANO, gleans all data necessary for input to the
EREP program, and stores it in binary on data files SL2DAT,
SL3DAT, and SLUDAT. These data files contain trajectory
information for SL-2, SL-3, and SL-l respectively. The format
of NEWANO will not be described because the file is basically
unnecessarv. It was avallable to Bellcomm and was therefore
referenced in lieu of generating another set of trajectory data
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in the formats described below for SL2DAT, SL3DAT and SLUDAT.
It is assumed that any user generating his own trajectory
information can create the necessary data files in the
appropriate format initially.

The start and end times for trajectorv data for each mission
are specified in the body of the MISION routine. Fach data
file created by MISION contalns the following written out as
one binary record:

(1) An integer specifying the number of revolution
descriptions included on the file

(2) An integer indicating the number of the first rev
for which the absolute magnitude of beta exceeds
the maximum allowed value (currently 50°), (Beta
is the angle between the solar vector and the orbit
plane.)

(3) An integer indicating the number of the last rev
for which the absolute magnitude of beta exceeds
the maximum allowed value. (If the absolute value
of beta never exceeds the maximum, the values for
the integers in (2) and (3) are set to zero).

(4) A floating point array dimensioned 5x700 where,
for the Kth entry,

(1,K) 1is the rev number

(2,K) 1is the longitude (degrees) of the
ascending equatorial crossing.

(3,K) 1is the value of beta at the ascending
equatorial crossing

(h,K) 1is the elapsed time (in davs from mid-
night, Dec 31) of the ascending equa-
torial crossing

(5,K) 1is the value of theta at orbit noon

No data is included for revs for which the absolute magnitude
of beta 1s preater than the maximum allowed.
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Revolutions are counted from 50°S latitude to 50°S latitude.

In terms of theta/omega coordinates, a revolution from 50°S latitude
to 50°S latitude corresponds to a theta range from -90° to 270°,
This definition was selected for convenience so that passes

over all sites presently recorded in the LATLON file can occur

on one revolution. That 1s, if revolutlons were counted from

an ascending, equatorial crossing to the next ascending equatoriail
crossing, for example, overflights of sites which straddle the
equator would have to be counted as occurring partially in
revolution "N", and partially in revolution "N+1". This
bookkeeping complication has thus been avoided.

PROGRAM OPTIONS, OPERATION, AND USE

The user directs the operation of the program by specifying
various options to be executed. Before discussing the various
options and the operation of the program, a description of the
few rules governing the user's communications with the program
will be helpful.

Yes and No responses: In several cases, the program reaulres

a yes or no tvpe response from the user. For example, the
program may display the settings of several program variables

and then ask the user if they are set to the values he wants

by typing "OK?". The user signifies a negative response by
typing "no" and a carriapge return. Any other response, including
a simple carriage return, will be interpreted as "ves",.

NAMELIST INPUT: There are several situations where the user
may wish to change the values of one or more program variables
and the system namelist routine is used to read the new values.
Where the program desires input in this form, it will so indicate
by saying, for example: "SUPPLY NEW VALUES NAMELIST NAME":
where NAME 1s the name of the list to be used. The user then
types, starting in column 2, $NAME (or whatever the namelist
name is), followed by at least one blank, the name of the
varlable to be changed, an eaual (=), the new value desired,

a comma and finally "$END". As many variable names, =, and new
values as are desired may be Inserted between the $NAME and the
$END card but a comma must follow each set. Multiple lines may
be used and no more than 72 columns should be used on any one
line. If the same variable is set more than once, the last
value will prevail. If the user changes his mind and wants no
values changed a simple $NAME $END will work. The following
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is a typical example used at program initiation time or under
the CHANGE option,

$CONTRL APASDE=120., MCATDE=2, (carriage return)

MISSION=3, SEND (carriage return)

= INPUT: The program also requires some direct input from the
user which may be either data or a Hollerith word. (The context
of the question should heln the user distinguish between these
and the questions requiring a yes or no input.) In these cases,
the required information is simply typed in directly. Only the
questions "OPTION=" and "PRINT OPTION=" require Hollerith input.
In the cases where integer data is required, the program will
indicate the proper format. If, for example, the aquestion "REV
NO.? (I4 FORMAT)" is asked, the program expects a four digit
number. If the user wishes to enter the value 61, the leading
zeros must be typed - 0061. Blanks may be substituted for
leading zeros.

When the program is ready to accept an option request, the
phrase "OPTION=" will be typed by the computer. The names,
alternate spellings and descriptions of the available options
follow.

EVALUATE OR FEVAL OR E

The evaluate option will cause the program to evaluate a
designated revolutlon in order to determine which FO's can be
satisfied on that revolution. The FO's which can be at least
partially satisfied on the rev will be listed in the SCORE array
together with the theta l1limits of the portion of the rev
satisfying the FO and the constrained and unconstrained weight
accomplished on the revolution. The decision as to whether the
FO should be listed 1s based on whether the unconstrained weight
accomplished is non zero, not the constrained weight.

Following entry of the EVALUATE option, the user will be
requested to supply the revolution number to be evaluated by
the statement "REV NO.? (I4 FORMAT)". The current trajectory
data numbers the revolutions with revolution 1 commencing the
first time theta = 270 deprees (=-90°) following SL-1 launch

- that 1s, at the first southern-most extent of the SL-1 orbit
following launch. Revolutions are counted as nodal revolutions
from 0=-90° to 0=+270°, The I4 format statement indicates that
the program expects a four digit number - leadinp zeros should
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be supplied as zeros or blanks. Normally, no further outnut
is to be expected from the evaluate option.

MAXWGT or M

The MAXWGT option searches through the most recentlv evaluated
revolution to find the optimum location for the Z-local vertical
pass in terms of maximizing the constrained weight achieved bv
the pass. The user is allowed to specify the length of the

pass and the sense in which it is optimized. He may also
constrain the search to a specified segment of the revolution

i1f he wishes.

After the user types "maxwgt", the program will displayv the
default values of ARCPAS, MCATEG, THMIN, and THMAX and ask if
these are "OK". ARCPAS is the length, in degrees, of the Z
local vertical pass. The value of MCATEG will control the sense
in whiech the optimization 1s performed. MCATEG can be equal

to 2,3,4,23,24,34, or 234, The program in its optimization,
will ignore those FO's which have mission categories which
include a number not found in MCATEG. For example, 1f MCATEG=23,
FO's in the following categories will not be included in the
search for the optimum: U4,24,34, and 234, All FO's will be
included if MCATEG=234., THMIN and THMAX are the miminum and
maximum values of theta which will be considered for starting
the Z-local vertical pass. If a "no" response is received, the
program types "SUPPLY VALUES, NAMELIST MAX", indicating that

new values should be entered using namellist $MAX.

The program next displays some summary results of the
optimization - the rev number, the optimum value of theta at

the start of the pass (THSTRT), theta at the end of the pass
(THEND), and the constrained and unconstrained weights achieved
by the pass (WGTMXC and WGTMXU). These weirhts do not include
FO's which would be accomplished on the pass but which do not
fall in a catepory included in the optimization. (A complete
display of the achievements may be obtalned by calling for print
oprtion REVSUM.) Note that the MAXWGT option results in values
actually being written into THSTRT and THEND. These pass theta
limits will be retained through subsequent options unless
expressly overwritten by the user. A particular set of theta
limits may result 1n the extent of the useful pass being
shortened but not eliminated for one or more FO's. In these
cases, elther at least ARCMIM degrees of the FO pass must remain
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or at least one-~half the arc length of the possible pass must
remain in order for the FO pass to be counted (see subroutine
PASBAD). ‘

The answer provided by MAXWGT is not necessarily unique. There
may be many or a wide range of places to start the 7 local
vertical pass which will achieve the same welght. The user can
explore for these by using the print suboption REVSUM,

SCAN or S

The SCAN option automatically executes the EVALUATE and the

days and determines the n best in terms of the maximum
constrained weight accomplished.

On receiving the SCAN option, the program asks the user to
supply the day number, (in terms of January 1, at Greenwich =
day 0) of the first day of the scan by printing "FIRST DAY OF
SCAN =2 (I4 FORMAT)". The user supplies the properlyv formatted
answer and then responds similarly to a request for the last
day of the scan. These day numbers may be identical if only
one day is to be scanned. The program next asks "OMEGA LIMITS
DESIRED?" If the user knows he wants to consider only certain
parts of the world, e.z., U.S. passes, he can substantially
speed up the program by limiting the allowable range of omepa
of the revolutions considered. An affirmative response will
evoke the request "TYPE IN WESTERN OMEGA LIMIT." which the user
then supplies as a floating point number in degrees. This is
followed by "TYPE IN EASTERN OMEGCA LIMIT" which the user
similarly answers. The limlts may be entered elther with the
convention 0 through * 180° or 0 through 360°. In elther case,
the angle is measured positive eastward. (Note that it is
permissible for the Eastern limit to be numerically smaller
than the Western limit.) If the user 1s particularly interested
in foreipn areas, applying omega limits will generally be
required since the heavy welghting given U.S. passes may swamp
out the weight achieved on foreign passes.

Next the program asks the user to "INPUT NUMBER OF ORBITS TO
BFE RETURNED (I2 FORMAT)". Recall that the scan option will

display the "n" best revs. This question allows the user to
specify "n",
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Finally the program displays the same data displayed following
the MAXWGT option and asks if 1t is OK?. The user responds
Just as he would for the MAXWGT option.

The computer then scans the revolutions, determines the best
ones and displays a summary of the scan by printing the rev
number, THSTRT and THEND for the best Z local vertical nass
location, and the constrained and unconstrained weight achieved
by the pass.

The user should keep in mind that when the SCAN option is
completed, the information in the SCORE matrix and in THSTRT

and THEND pertains to the last revolution evaluated which may
or may not be one of the listed best. In order to further study
one of the best revolutions, the evaluate option should be

called for that revolution.

ACCEPT or A

The ACCEPT option simulates the effect of actually performing

a 7 local vertical pass by adding the accomplishments of the
pass to what has previously been accomplished (accepted). For
detalls, see the descriptions of the OMECOV, PASS, TOTSCR, and
PASDAT arrayvs in the section entitled WORKING DATA ARRAYS AND
VARIABLES.) After receiving the ACCEPT ontion, the program asks:
"ACCEPT REV = IREV, PERWT = "PERWT" OK?", where IREV is the
number of the revolution most recently evaluated and "PERWT"

is the current value of PERWT. A negative response to this
question cancels the ACCEPT option. (IREV can be changed via
the EVALUATE option and PERWT can be chanped via the CHANGE
option.) If a positive response is received, the propram displays
the values of THSTRT and THEND and asks "OK?". A negative
response will enable the user to change the theta limits of the
pass prior to acceptance. Otherwise the current values are
used to update the required arrayvs and variables,.

CHANGE or C

The CHANGE option affords the user the opportunity to change

a number of control variables via a namelist input. The user
is first given the opportunity to see the current values
displayed before he is requested to supplyv the new values. The
variables which can be changed are APASDE, ARCMIN, IDEVIC,
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IERSAV, IEROLD, MCATDE, MISION, PERWT, THMADE, and THMIDE. The
definitions of these variables will be found in the section
labeled VARIABLES IN COMMON SECTION [CONTRL].

In essence, the CHANGE option, with the display, is invoked
automatically at program initiation. At any other time, changing
IEROLD via the CHANGE option will be ignored. IEROLD is the
number of the data unit on which the results of a previous
session are stored. Since the constrained weight accomplished

by a revolution is a function of what has already been accepted,
attempting to add accomplishments from a prior session to the

accomplishments of the current session would simply produce

matd secao
garbage and 1s, therefecre, not allowed. All other parameters

may be meaningfully changed either at the beginning or duringe
the session and these changes are heeded.

PRINT or P

The PRINT option enables the user to have printed anv of a
number of data displays. He selects which particular display
by entering the name of a print option. The names and a brief
description of the currently avallable print options are given
below. In a few cases, the print options require additional
data from the user. The program will request this data if
required.

In a few cases, the amount of output printed depends on the
parameter IDEVIC. If IDEVIC = PRNTR, substantially more output
will be provided than if IDEVIC=TERMNL.

In some cases, the user may abort the printing (by depressing
the ATTN key on an IBM 2741 Terminal) (if the CINOTE subroutine
works at the particular installation). The program will skip
the detalled print, continue processing quietly, print a short
summary, and then return control to the user. If CINOTE is not
working, depressing the ATTN key may abort the program (at least
on Bellcomm's UNIVAC 1108 it does). There seems to be a problem
with CINOTE when using the teletype terminal at Bellcomm.
Depressing the BREAK key, which should be equivalent, simply
suspends processing. A carrlage return then causes 1t to resume
as though nothing; happened. The PRINT OPTIONS:

ALDONE: Prints a list of the FO's which have been completely
accomplished by the revolutions accepted so far
(Abortable)
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For every proposal which can be at least partially
worked on the currently considered mission (the

list depends on the value of the parameter MISION)
the constrained and unconstrained weilght accomplished
on the most recently evaluated revolution, and the
accumulated accomplished weight and the total possi-
ble weight are printed. (See Samples of Printout.)
If IDEVIC=TERMNL, only the total weights for each
proposal are listed. IF IDEVIC = PRNTR, every FO

is listed. A summary is printed at the end.
(Abortable)

Prints a summary of the accomplishments accepted so
far for the mission currently being considered.

The weight accomplished (WGT SAT), the total weight
possible (TOT WAT POS), the number of FO's which
have been at least partially satisfied (NON ZERO
FOS), and the total number of FO's in the mission
catepory (TOT FOS) are printed by mission cateprory.
Totals are printed as well.

Provides a l1list of every FO on which nothing has
yet been accomplished. A summary is printed at the
end. (Abortable)

Essentially identical to MISSUM except data for the
mission categories not included in the currently
considered mission are printed as well.

Provides a summary of the passes which have been
accepted so far. For each pass accepted, the fol-
lowing is printed: The revolution number (REV NO),
the geographic longitude of the ascending equa-
torial crossing of the revolution (OMEGA), the GMT
of the start of the 7 local vertical pass expressed
as month (MO), date (DAY) and hour (HR), theta at
the start (THSTRT) and end (THEND) of the pass,

and the sun elevation angle at the start and end of
the pass.

For every FO of a specified proposal, the constrained
and unconstrained weight which can be accomplished

on the most recently evaluated revolution, the total
weight accomplished (accepted) so far and the total
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possible weight are printed. Required additional
input - the proposal number.
PSCORE: Prints the entire contents of the SCORE array. (See
. section entitled WORKING DATA ARRAYS AND VARIABLES.)
REVSUM: Prints a summary of what can be accomplished on the

most recently evaluated revolution. If
IDEVIC="PRNTR", an elaboration of the SCORE matrix
is printed. For each FO which has a non-zero uncon-
strained weight for the revolution, the followine
is printed: the proposal number (PROP), the FO

. number (FO), theta at the start (TSTRT) and end
(TEND) of the pass over the applicable properlv
lighted ground site, the total possible weight of
the FO (TWEIGH), the unconstrained (WGT U) and
constrained (WGT C) weight accomplished on the rev,
the mission category of the FO (MCATEG), and the
welight accomplished (accepted) so far (CURWGT).
Then, regardless of IDEVIC, a summary of the con-
tents of the SCORE array, as limited by the selected
Z local vertical pass theta limits, is printed.
This data is summarized by mission categories and
totals and includes the constrained and uncon-
stralned weight accomplished, the accumulated welght,

the total welght possible, and the number of FO's
with non-zero unconstrained weights.

STOP or HALT

This option terminates the current session. If IERSAV>0, the
accomplishments, as of the end of the current session are written
on logical unit "IERSAV" and the program so states before
terminating. If IERSAV=0, the program tells the user that
"PROPOSAL ACCOMPLISHMENTS WILL NOT BE SAVED OK?". An affirmative
response simply terminates the program. A negative response
causes the program to request the number of the logical unit

. on which to write the data.

WARNING - Either way of writing on unit IERSAV involves a rewind

operation before writing. Anything previously stored on that
unit will be overwritten. NOTE: The IERSAV file (as well as
the IEROLD flle) must be catalopued and a number assipned (via
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an @USE card) prior to the beginning of program execution.
There is no way to save the data if a file has not been assigned.

BASIC ASSUMPTIONS AND ALGORITHMS

In order to effectively use the program, the mission planner
should understand some of the basic assumptions and algorithms
used in the program.

The Omega-Theta Transformation

While the basic ground site data is stored in terms of the
latitude and longitude of the site corner points, it is
transformed to omega-theta space for use by the ground site
coverage routine FLYOVR., Thls omega-~theta mapping describes
points on earth in terms of the parameters of the orbit passing
over them. Omega is the geographic longitude of the ascending
equatorial crossing of the orbit which passes directly over the
sFround site. Theta 1Is the angle, measured in the instantaneous
orbit plane, from the ascending eaquatorial crossing to the point
where the spacecraft 1s directly over the ground site. The
spacecraft is said to be on the ascending leg of the orbit when
its velocity vector has a northward component. Consequently,
-90<0<90 degrees on the ascending leg and 90<0<270 degrees on
the descending leg. If the absolute value of The latitude of
the ground site corner point is less than the inclination of
the orbit plane, the point will map into two omega-theta pairs
- one corresponding to the orbit which passes over the point

on the ascending leg, the other pair corresponds to a descending
pass. If the absolute value of the latitude is equal to the
inclination, a single omega-theta pair is obtained. If the
absolute value of the latitude is greater than the inclination,
no values of omega-theta result since the orbit does not pass
over the point.

The purpose of using the transformation is to simplify and speed
up the computations made in subroutine FLYOVR. KXnowing the
extremes of omepa for the corner points of a site and the omega
of a particular orbit of interest for example, one can
immediately determine whether or not the orbit passes over the
ground site.

The use of the transformation does have one rather awkward
implication. Sites which lie just outside the latitude
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boundaries imposed by the orbit inclination, but which may still
be viewable within the field of view of the instruments are not
properly handled. Special logic, (not currently in FLYOVR),
would have to be added to detect when such sites are viewable,.
Sites which straddle the crlitical latitudes are effectively
handled in FLYOVR. A simple, but probably adequate, artifice
for properly handling sites outside the latitude boundaries,
but which should be in the field of view when the spacecraft

is at its latitude extremes, would be to redefine the ground
site corner point latitudes so that the sites do straddle the
critical latitude.

The equations used to determine omega-theta from latitude-
longitude are given below.

For £>0
_ -1 sin L
0 =si sin 1
Q = A-tan"+ (cos i1 tan ©) + RO
For 1.<0
_ -1 sin L
0 = 180 -sin m
Q =\ -tan"t (cos 1 tan ©) +RO + 180
where . L = geocentric latitude of the point

A = geocentric longitude of the point
i = orbit inclination

and R = the orbit precession of the longitude of the
ascending equatorial crossing (earth rate +
inertial precession) in terms of degrees pre-
cession per degree travel of the svacecraft.

These equations assume a circular, fixed inclination, fixed
period orbit. The orbit inclination and precession terms could
be made input variables but they currently are fixed in the
program. The equations would have to be changed for a
substantially non circular orbit. (The site data currently
used 1is actually expressed in terms of geodetic latitude though
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the above eauations assume peocentric latitude. This anomaly
should probably be corrected.)

The basic program does not depend on working in terms of omera-
theta space but subroutine FLYOVR would have to be rewritten

in order to chanpge. The transformation i1s also quite useful

when working with ground tracks granhicallv. Fipures 1 and 2
depict the world and the United States in omega-theta coordinates
for the nominal Skylab orbit. In this projection, gsround tracks
are represented by vertical straight lines. (These fipures

will be helpful when one wishes to limit the range of omera
considered in the SCAN option or studv the eeopraphic areas
overflown for a particular revolution.)

Revolution Definition

A revolution 1s defined as starting when the spacecraft is at

the southernmost point in its orbit (6= =90 degrees) and ending
the next time it is at the southernmost point of the orbit (0=270
degrees). This latitude to latitude (essentially equivalent

to a nodal orbit) definition was selected in favor of the
lonpitude to longitude definition commonly used by MSC because

it features a constant period revolution. Some comrutations

were simplified this way. The "strange" beginning and end

points were selected because there were no sites near 50 deprees
south latitude. Thus, the awkwardness of having a contiguous
pass occur on two revolution numbers was avoided. A small
portion of South America does extend south of 50°S but currently,
at least, no sites are defined in that region.

Groundsite Coverage - Overflight Rules

The alporithms used to decide whether the site required by a
Fiven FO will be covered on a given revolution reauire
explanation. The logic discussed here 1s contained in Subroutine
FLYOVR., Associated with each FO is a list of the instruments
which should be turned on to provide the required data. The
field of view of the required instrument having the narrowest
field of view is used in the coverare computations.

The ranpge of omega is determined for the required pround site.
If the omega of the particular revolution falls within the site
range of omega, the pass is immediately deemed acceptable in
terms of adequate coverape. If it does not, additional
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comnutations are made to determine the adequacyv of coverarge,
First the extent of the field of view in terms of omepa 1is
computed. Consider the two polnts at either end of the edre

of the field of view, (along a line orthoronal to the velocity
vector) when the spacecraft 1s positioned at a value of theta
ecual to the middle of the theta range of the site. The omepa
values of these points are called the extent of the field of
view in terms of omega. Fipure 3 shows the omega range of the
field of view of the S190 equipment as a function of theta.

If the omepa range of the site is larger than the field of view,
the site 1s called a large site. The coverage alrorithm reauires
that the spacecraft flv directlv over a larpe site in order for
the pass to be counted. If however, the site is small, at least
1/4 of the site must be within the field of view for the nass

to count,

If the pass goes directly over the site, the theta limits of
the pass are the values of theta when the subvehicle point
enters and leaves the site. If an acceptable pass does not go
directly over the site and the site extends beyond the edge of
the field of view, the theta limits are defined as the values
of theta when the subvehicle point of a pseudo-spacecraft flving
on an orbit with an omega equal to the omega of the edge of the
field of view enters and leaves the ground site. If an
acceptable pass does not go directly over the site and the site
will be entirely in view, the pass theta limits are eaual to
the theta 1limits of the site.

Cround Site Coverape - Lighting Rules

The logic described here is contained in Subroutine PASBAD.
Consider the extent of the site measured in terms of the range
of orbit arc. At least "ARCMIN" derrees of the overflirht must
be adequately 1lit or at least 1/2 the theta ranpe of the vass
must be adequately 1it. If either of these criteria are
satisfied, the pass is acceptable., If necessary, the theta
limits of the pass are adjusted so that theyv onlv cover the
range of the adequately 1it ground site.

Ground Site Coverage - 7 Local Vertical Pass Limiting

The subroutine PASBAD logic is reapplied to each FO when
consideringe what 1is accomplished bv a 7 local vertical pnass.
This lorlc attempts to ensure that coverage is not counted if
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the selected theta limits for the pass cut off too much of the
coverage. This checking is done in several print routines, and
under the MAXWGT and ACCEPT options.

Constrained vs. Unconstrained Weighting

The unconstrained weight accomplished on a pass is the rortion

of the FO weight accomplished without regard to what has already
been accomplished. If N passes are reguired to satisfv an FO

and W 1s the total FO welpght, a single accentable pass will be
Flven an unconstrained weight equal to W/N.

The constrained weight accomplished on a pass takes into account
what has been accomplished on previously accepted revolutions.

If Wpp 1s the total welpht possible for the FO, Wy is the unconstrained
welpht accomplished on a pass, and Wp is the previously accumulated
FO welght, the constrained welght is equal to either Wy or Wpp-

wA, whichever is least.

The MAXWGT (and SCAN) option optimizes the placement of the 7
local vertical pass on the revolution on the basis of the
constrained welght accomplished.

Mission Categories

The FO's have been split into categories according to the
mission(s) on which they can be satisfied (seasonal constraints):
2 only, 3 only, U4 only, 2 or 3,2,0or 4, 3 or 4,2 or 3 or 4, and
none., While numerous print options display data broken down
into these categories, the only processing effect of the
cateporization occurs in the MAXWGT option (and therefore SCAMN).
Maximization will be done considering onlv those FO's with
catepory numbers included in the value of "MCATEGY. For example,
if MCATEG=23, only the welghts accumulated from FO's in
caterories 2,3, or 23 are consldered. If MCATEG=234, the
accomnlished weights for every FO are considered.

Repeat Coverage

The following logic applies to the determination of the
accertabllity of a pass for an FO requiring repeat coverare.

If no pass has previously been accented which covers the FO,

any otherwise acceptable pass will be counted. Once at least

onc pass has been accepted, the dates of all subsequent otherwise
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acceptable passes will be compared with the already accerted
passes to see that they have acceptable date spacing. The
alerorithm 1s desipned such that the longer the required interval
between passes, the more tolerance 1s allowed the accentable
spacing. Basically, a 10% slop 1is permitted on the spacing.

If for example, 5 day spacing 1is required, the interval between
passes must be an integer multiple of 5 days * .5 day. 1If 20
day spacing is allowed, the interval between passes is permitted
to be an integer multiple of 20 days * 2 davs.

There does exist a flaw in the pass spacing logic which future

users may wish to fix. The logic permits a subsequent pass so
long as it occurs on a date which is an even multiple of the

vvvvvvv alh U T Yiil il A0 ali TVUOIL o iual

reauired day spacing away from a previously accepted pass. For
example, 1f the passes are reauired 5 days apart, a pass 20

days later than an already accepted pass would be accepntable.

If the proposer has requested 4 passes, 5 days apart, this is
acceptable, but 1if he requested 2 passes 5 days apart it probably
isn't. Additional logic incorporating the number of passes
required mipght be desirable. This logic would be added to
Subroutine FOSCAN.

WORKING DATA ARRAYS AND VARIABLES

Basic working data is stored in a number of arrayvs and variables
and 1s available to the various subroutines via labeled common,
The contents, source, and use of the arrays and variables will

be described here. The names in brackets indicate the labeled
common section in which the variables will be found. The labeled
common sections are actually defined in PDP elements which are

added to the subroutines as required by the Fortran INCLUDFE
statement.

EREP [EREPC]

The EREP arrayv is essentially a copv of the EREPD file except
that the entries for each FO have been reassipned so that all
FO's which are in the same mission catepory, 2, 23, etec., are
contipuously represented in EREP. The lines representing FQ's
which cannot be accomplished because the season constraints do
not match any of the missions, are not read into EREP. EREP

is dimensioned 15 x 1000. The 15 entries for each FO are
ldentical to the corresponding entries in the EREPD file. Once
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the EREP array is filled by a file read in subroutine COMMON,
during program initialization, it is never altered by the
progsram. EREP is used by a majority of the major subroutines.

SITE [EREPC]

Site contalns the corner points of each of the ground sites
referenced by the various proposals expressed in terms of the
latitude and longitude of the points. Althourgh the latitude
information supplied by the proposers as well as Bellcomm is
actually expressed as geodetic latltude, it is currently treated
as though it were geocentric. This minor anomaly can be most

efficiently cured by elther converting the latitude information
on the file to geocentric or by converting it at the time it

is read in subroutine COMMON. (The latter approach would leave
the file data directly compatible with most maps.) SITE is

dimenslioned 2 x 5000 and is used by FLYOVR.

TRAJ [EREPC]

TRAJ contains the basic trajectory information required. Only
the data required for the mission currently being studied is
maintained in TRAJ. When the variable MISION is changed, COMMON
refills TRAJ with the appropriate data. TRAJ is dimensioned

5 x 700. Row 1 contains the revolution number; row 2 contains
the geopraphic longitude of the ascending equatorial crossing:
row 3 contains the value of Beta, (the angle between a vector
pointings at the sun and the orbit plane at the time of the
crossing)y row Ul contains the time, measured in days, from 0000
GMT January 1l; and row 5 contains the value of theta at orbit
noon. The external routine EREP.MISION reads the basic
trajectory file, separates it into the three chunks required

by the program and excludes those revolutions on which the
marnitude of Beta 1s excessive (greater than 50 degrees
currently). TRAJ is used by MAIN, WGTADD, and FOSCAN,

SCORII [SCOREC]
The SCORE array stores a summary of the FO's which can be
satisfied on the most recently evaluated revolution.

For each FO which can be satlsfied, six parameters are recorded.

IEROW - The column number of the FO within the EREP array.



- 27 -

TSTART - The value of theta at the start of coverare,
TEND - The value of theta at the end of coverarge,

PWGHU - The unconstrained partial weight accomplished on
this revolution - unconstrained means without re-
gard for any previous accomplishments on this FO.

PWGHC - The constrained partial weight accomrlished on
this revolution - the constrained weipght takes
into consideration what has previously been
done on this FO and conseauently represents the
value of new accomplishments.

MCATEG - The mission category of this FO, for example,
MCATEG = 2 if this FO can be satisfied only
during the SL-2 mission. MCATEG can equal 2,3,
b 23,284,348, or 234,

SCORE 1is written in subroutine FOSCAN, and is used bv numerous
print routines and the WGTADD routine. The parameter NSCORF
(also carried in SCOREC) contains the number of valid columns
in SCORE for the current revolution. SCORE is currently
dimensioned 6 x 100. If more than 100 FO's can be satisfied on
the revolution, a printed alarm messape will occur and only 100
columns will be filled.

TOTSCR [SCOREC]

The TOTSCR array is dimensioned 1 x 1000. Fach column
corresponds to the FO listed in the same column number of the
EREP array. The entries in TOTSCR represent the partial FO
score accumulated under the ACCEPT option so far. Values in
TOTSCR can range from zero to the total possible score for the
FO. TOTSCR is written by subroutine WGTADD and is used by
numerous print routines and by FOSCAN to determine the
constrained score achieved by a revolution under consideration.

PASDAT [SCOREC]

PASDAT has as many columns as there are FOs requirine reneating
type coverage. For each column, the first row contains the

column number of the applicable FO in the EREP array, the second
row contains the total number of passes which have been accepted
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and which contributed to the coverape requirements of the w0,
The remaining rows 1list the dates on which those accepted passes
were made. This data i1s used by FOSCAN to determine whether

a revolution under consideration, which otherwise satisfies the
FO, 1s properly separated in time from previously accepted
revolutions. PASDAT is written in subroutine WGTADD.

OMECOV [SCOREC]

The OMECOV array currently exists but is not used. Its intended
use 1s similar to that of PASDAT except that it 1s associated
with the FOs which require total area coverage. The geographic
lonpitude of the ascending equatorial crossing of accepted
revolutions would be stored in place of the pass date. OMECOV
would be written in WGTADD and used by FOSCAN (or, perhaps
FLYOVR) to determine whether a new pass accomplished new
coverare.

PASS [SCOREC]
The PASS array stores a summary of the local vertical passes
which have been accepted so far. PASS is dimensioned 7 x 200,
so up to 200 passes may be accepted before overflow occurs.
The data stored in each row is as follows:

1. IREV - The revolution number of the pass.

2. OMEGA -~ The geographic longitude of the ascending
equatorial crossing of the revolution.

3. DATE - The time of the start of the pass measured
in days from 0000 January 1.

4. THSTRT - Theta at the start of the pass (in degrees).
5. THEND - Theta at the end of the pass (in deprees).

6. ELS - Sun elevation angle at the start of the pass
(in degrees).

7. ELE - Sun elevation angle at the end of the pass
(in degrees).
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PASS 1s written in WGTADD and is used by various print routines.
INDEX [EREPC]

INDEX contains pointing information to locate the corner points
of a site 1In the SITE array. INDEX is dimensioned 2 x 600,
each column containine the pointine data for the corresrondine
site number. The first row contains the SITE arrav column
number of the first corner point of the site and the second
column contains the number of corners describing the site.
INDEX is written by the external routine EREP.SITES, is brought
in with the other input data files, and is used by subroutine
FILLYOVR.,

IERPNT [EREPC]

IERPNT contains information which points to the location limits
of pronosal data in the EREP array for each of the mission
categories. TIERPNT 1is dimensioned 7 x 2. FEach row contains

data pertaining to the mission catepories, 2, 23, 24, 234, 3,

34, U4, respectively. The first column lists the EREP column
number of the first FO in the mission category, the second

column lists the column number of the last FO. IERPNT is written
by the external data prevaration routine MSORT, is brousht in
with the EREP file, and is used by COMMON and various print
routines.

IEREP [CNSTNT]

TEREP is essentially identical to IERPNT excent that it contains
pointing information for only those FO's which are to be
considered for the current mission. IEREP is dimensioned I x

2, corresponding to the four mission categories considered for
a riven mission., TIEREP is written in COMMON and used by FOSCAN
and various print routines.

MCAT [CNSTNT]

MCAT is dimensioned 4 x 1 and contains the mission category
values apnlicable for the currently considered mission. If
MISION = 2 for example, the four entries in MCAT would be 2,
23, 24, and 234. MCAT is written in COMMON and is used by
various print routines.
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PRLIST [CNSTNT]

PRLIST is a list of the proposal numbers which contain FO's
which can be satisfied on the currently considered mission.
It is dimensioned 200 x 1, is written in COMMON, and is used
by various print routines.

VARIABLES IN COMMON SECTION [CONTRL]

These variables can all be easily changed either at the time
of program initiation or via the CHANGE option. Most of them
are assigned nominal values by Subroutine COMMON which hold
unless they are changed by the user. Variables ending in DE
indicate default variables. A similarly named variable will
be set to the value of the default variable unless the user
specifies a different value at the time it is to be used.

NOMINAL
NAME DESCRIPTION VALUE
APASDE The default value of ARCPAS which is 60 degrees
the arc lenpgth of a Z-local vertical
pass under the MAXWGT and SCAN options.
ARCMIN The spacecraft must be over an ade- 1.0 degree
quately lighted site for at least
ARCMIN degrees for the pass to be
counted unless the site is less than
2*ARCMIN long in terms of theta.
IDEVIC Identifies the user's output device and TERMNL
controls the volume of print under cer-
tain print options. Can be equal to
'"PRNTR' or 'TERMNL',
IERSAV = 0, Do not save accomplishments at the 0

end of the computer run, (A last chance
to save the data will be offered following
entry of the STOP option.)

>0, save mission accomplishments on unit
"IERSAV" at the end of the computer run.
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MCATDE

MISION

PERWT

THMADE

THMI DE
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= 0, Initialize the current run from 0
scratch

>0, Initialize the current run as of the
end of a previously saved run. Necessary
data 1s stored on logical unit "IEROLD."
IFROLD is only meaningfully non-~zero at
program initiation. Changing the value
of IEROLD via the CHANGE option will

be ignored.

The default value of MCATEG. Only FO's 234
which are in mission categories included

in MCATEG will be considered in optimizing

the location of the Z-local vertical pass

under the MAXWGT or SCAN options. If

MCATEG = 23, for example, only FO's in

catepories 2, 3, or 23 will be considered.

Indicates the mission currently being 2
studied. Can be set to "2" or "3" or "4n,

Scores accomplished on an accepted pass 1.
will be multiplied by PERWT before being
added to TOTSCR.

The default value of THMAX. THMAX is the 270.
maximum value of theta which will be con-

sidered in evaluating a revolution under

option EVALUATE, MAXWGT, or SCAN.

The default value of THMIN. THMIN is the =90,
minimum value of theta which will be con-

sidered in evaluating a revolution under

options EVALUATE, MAXWGT, or SCAN.

VARIABLES IN COMMON SECTION [EREPC]

NAME,

ITOTRJ

DESCRIPTION

The number of revolutions on the trajectory file
for the currently considered mission. This para-
meter is read in with the trajectory data and is
computed and written by the auxiliary data routine



MISION. The number of revolutions on which Beta
1s too large are not included in the ITOTRJ count.
Used in FOSCAN.

. NBETA1l The revolution number of the first revolution ex-
cluded from the mission by high beta. Also written
by MISION, and read in with the trajectorv data.

NBETA?2 The revolution number of the last revolution ex-
cluded from the mission by high beta. Also writ-
ten by MISION, and read in with the trajectorv data

' (TRAJ). Used in FOSCAN.

LINE The column number of the trajectory data pertaining
to a revolution belng evaluated in the TRAJ array.
Computed and used in FOSCAN.

VARTABLES IN COMMON SECTION [SCOREC]

NAME DESCRIPTION

NSCORE The number of valid entries in the score matrix, equal to
the number of FO's which could be covered on the
most recently evaluated revolution regardless of
prior accomplishments.

IPASS The number of passes which have been accepted so
far--indicates the number of valid columns in
the PASS array. Written by WGTADD.

IDAY The integer value of the day of the year on which the
current revolution occurs. Strictly speaking, IDAY
i1s a local variable in FOSCAN which probably should
not be in Common.

VARIABLES IN COMMON SECTION [CNSTNT)

‘ DTOR¥ The multiplicative conversion factor from degrees
to radians. Set to .01745329 in COMMON.

RTOD The multiplicative conversion factor from radians
to degrees. Set to 1/DTOR in COMMON.

XINCL#* The orbit inclination expressed in degrees. Set
to 50. in COMMON.

These variables are not set or included in common section
[CNSTNT] in the attached listings - See the section entitled
KNOWN ANOMALIES AND INCONSISTENCIES.



PI*

EARRAT*
PRERAT ¥

NUMPRO

ORBPER

HAS190

HAS191

HAS192

HAS193

HAS194

RE ¥

—

RORB*

———
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Set to 3.14159265 IN COMMON,

The rotation rate of the earth in degrees per hour.
Set to 15.04104953 in COMMON.

The 1nertial precession rate of the orbit exoressed
in deprees per hour. Set to - .21174988 in COMMON.,

The number of proposals which have FO's which can
be accomplished in the currently considered mission
= number of valid entries in PRLIST. Computed in
COMMON and used in some print routines.

The orbit nodal period expressed in minutes. Set
to 93.283019 in COMMON.

The half angle field of view of the S190 cameras.
Set to 10.6 degrees in COMMON. Used in LONRAN and
FLYOVR,

The half angle field of view of the S191 equipment,
Set to 20.0 degrees in COMMON. Used in LONRAN and
FLYOVR.

The half angle field of view of the S192 equipment.
Set to 5.0 degrees in COMMON. Used in LONRAN and
FLYOVR,

The half angle fileld of view of the S193 equipment.
Set to 12.4 degrees in COMMON. Used in LONRAN and
FLYOVR.

The half anple field of view of the S194 equipment.
Set to 7.5 degrees in COMMON. Used in LONRAN and
FLYOVR.

The radius of the earth expressed in feet. Set
to 20925738.2 in COMMON. Used by LONRAN.

The radius of the orbit expressed in feet. Set
to 22353625.3 in COMMON. Used by LONRAN.

VARTABLES IN COMMON SECTION [PDATA]

IREV

The revolution number to be evaluated or most re-
cently evaluated. This is supplied by the user
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when requesting the EVALUATE option or by the pro-
gram when the SCAN option has been requested. Used
by FOSCAN, WGTADD, and various print routines.

THSTRT The value of theta at the start of a 7-local verti-
cal pass expressed in degrees. THSTRT is automatically
written by WGTMAX in the MAXWGT option but may be
changed by the user for print options and at the
time of accepting a pass.

THEND Similar to THSTRT except it is the value of theta
at the end of the pass.

OTHER VARIABLES COMMONLY SEEN BY THE USER

IFDAY The first day to be considered in the SCAN option
where day 0 corresponds to 0000 to 2400 GMT on
January 1. Supplied by the user.

TILDAY The last day to be considered in the SCAN option.
Definition is otherwise the same as IFDAY.

WGTMXC The maximum new FO weight which can be accomplished
on a revolution during a pass of ARCPAS degrees
taking into account the weight alreadv accomplished.
WGTMXC 1s computed and displayed by WGTMAX following
completion of the MAXWGT option.

WGTMXU The unconstrained weight which could be accomnlished
assuming the same location and length of pass which
produced WGTMXC. Also computed and displayed by
WGTMAX. NOTE: WGTMXC is maximized with the MAXWGT
option, not necessarily WGTMXU.

PROGRAM AVAILABILITY

Three copies of the program currently exist. One is on saved
files at Bell Laboratories! Murray Hill New Jersev location.
This copy is associated with the newly installed Univac 1106
serving the Cost Systems Studies Center. A second conpv, written
on marnetic tape has been delivered to the Mission Planning and
Analysis Division at the Manned Spacecraft Center, Houston,
Texas. Ir. Kenneth Young is the point of contact. The third
copy, also on tape, has been delivered to Mr. Don M. Turner,
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Space Statlon Task Force, NASA Headquarters, Washington, D.C.
Each copy includes relocatable and symbollce versions of the
necessary routines, including the auxillary data set-up routines,
and all necessary lnput data files. Instructions for readinp
the necessary information from the tapes are included in the
section entitled PROGRAM USER'S GUIDE. A copy of the crude

flow charts from which several of the subroutines were written
has been delivered to Mr. Max Kilbourn of the Mission Planning
and Analysis Division at MSC.

PROGRAM USER'S GUIDE

This User's Guide will assume the user has one of the two copies
of the tape available. The version stored at the BTL Murray
Hill, UNIVAC 1106 has some of the data and programs on
differently named files than is assumed here. The tape version
is more compact in its use of files.

Instructions for Reading the Program Tape onto Fastrand Files

The fastrand files must initially be assigned after the RUN
card has been submitted. There are three wavs to assign the
files:

(1) @ASG,CP FILENAME.where FILENAME is the name of the file.
This assign statement causes FILENAME to be
catalogued if the run terminates normally (cy,
as a public (P) file which subsequently can be
referenced in any run by using the same project
field on the run card as is currently being used.

(2) AASG,T FILENAME. This specifies that the file is to be
temporary. It will exist only from the time it is
assigned until run termination.

(3) @ASG,AX FILENAME. This specifies that the file is cur-
rently catalogued (A) and that this run will have
exclusive use (X) of the file until this run is
terminated. This 1is the type of assign statement
to use to assign a file catalopued during a
previous run.

The required file names to be assipned are EREP,
EREPD, SL2DAT, SL3DAT, SLA4DAT, NEWANO, and ERDATA. Each must
be assigned 1n an individual assign statement.
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The format of control cards to be submitted to read
the program tape into files is given below:

ARUN RUN=-ID,ACCOUNTING,PROJECT ,RUNNING TIME, PAGES

@ASG,CP(or AX or T) EREP

@ASG,CP(or AX or T) EREPD

@ASG,CP(or AX or T) SL2DAT

RASG,CP(or AX or T) SL3DAT

AASG,CP(or AX or T) SLUDAT

@ASG,CP(or AX or T) NEWANO

@ASG,CP(or AX or T) ERDATA

@ASG,TM A, T, XXXX (where XXXX is the tape number,

T indicates a temporary assign-
ment, and M specifies that the
tape 1s to be read in medium
density, 556 bits per inch)

@COPIN A.,EREP. (This copies file 1 of the tape
into program file EREP. It contains the
Farth Resources Experiment Analysis Program
in the form of 33 svmbolic, 27 relocatable
and 1 absolute elements. The element names
can be listed by @PRT,T EREP).

@COPIN A.,ERFP. (File 2 of the tape. This adds to
the EREP file the card-image row data ele-
ment NEWDAT containing the arrav of site num-
bers and the corresponding arrav of corner
points.)

@COPIN A.,EREPD. (File 3 of the tape. This conies
the card-imapge raw pronosal information
matrix into EREPD.EREPD)

ACOPY,G A.,SL2DAT. (File 4 of the tape. This copiles
into SL2DAT, the trajectory information for
SL=-2. The data is already formatted to be
read by the main program)

@COPY ,G A.,SL3DAT. (File 5 of the tape. This copies

into SL3DAT the trajectory information for
SL-3. The data is already formatted to be
read by the main program)
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@COPY,G A.,SLUDAT. (File 6 of the tape. This copies
into SLUDAT the trajectory information for
SL=-4. The data is already formatted to be
. read by the main program)

@8COPY,G A.NEWANO. (File 7 of the tape. This copies
into data file NEWANO, the Bellcomm generated
trajectory data from which SL2DAT, SL3DAT,
and SLUDAT are created)

s lilv U

. @COPY ,G A.,ERDATA. (File 8 of the tape. This

Copies 1 vt Rata f‘ila 'E‘Dhl\'T'A tha nrAanacanl

O Lanwwsn L 11T ML VvpyvOoaa

matrix sorted by FO's into mission cate-
gories and formatted to be read by the EREP
program)

One additional file, LATLON, is required which was not included
on the tape. This file, however, can be created from other

data in the tape. 1In addition to writing the file, the following
control cards will yield a printout describing the groundsites

in both latitude/longitude coordinate and omega/theta
coordinates.

@ASG,CP (or AX or T) LATLON
*¥AASG,T THOMEG

AUSE 2, LATLON
¥*QUSE 3, THOMEG

@ASG,AX EREP

@FOR EREP.SITES, SITES

AXQT

AADD EREP.NEWDAT

After the necessary files have been created from the tape, the
runs described below may be executed.

2. FExecutable Runs

‘ A, To execute the main program:

@RUN RUN-ID,ACCOUNTING,PROJECT,RUNNINGTIME,PAGES
@ASG,AX EREP

*@ASG,AX SL2DAT

¥@ASG,AX SL3DAT

*@ASG,AX SLA4DAT

*%
The statement WRITE (3,0UT?2) can be safely removed from the

SITES program since the file THOMEG is no longer used by the

main program. If it is removed, the indicated cards can be
deleted.



For the sake of convenience, one command

@ ADD

may be typed in place of the indicated commands.

¥@ASG,AX
*@ASG,AX
*@ASG,T

*@USE
*QUSE
*QUSE
*QUSE
¥AUSE
*QUSFE,
BASG,AX
@ASG, AX
@USE
@USE

@XQT
To 1list

ARUN
QASG,AX
AASG,AX
@FOR
AXQT
@ADD
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ERDATA
LATLON

TFILE (This is a temporary file for

scratch writing)
2,SL2DAT
3,SL3DAT
4,SL4DAT
10 ,ERDATA
11,LATLON
15,TFILE

MSC1 (These two files may be catalopgued
MSC2 and assigned by the user in order
20,MSC1 to save the current mission status
21,MSC2 at the end of an execution or to
initialize a run from the mission
status recorded during a previous

execution.
EREP .ERMAP

the total welght assigned each proposal:

RUN~-ID,ACCOUNTING,PROJECT ,RUNNINGTIME,PAGES

EREP
EREPD
EREP.TOWGT, TOWGT

EREPD.EREPD

To create and list trajectory files for SL-2, SL-3,
SL-4 from a Bellcomm - generated ephemeris file:

ARUN
AASG,AX
@ASG, AX
@ASG,AX
AASG,AX
AUSE
AUSE
AUSE
QASG,AX
QUSE
AFOR
AXOT

RUN-ID,ACCOUNTING,PROJECT,RUNNINGTIME,PAGES

EREP
SL2DAT

SL3DAT

SLUDAT

2,SL2DAT

3,SL3DAT

4,SLUDAT

NEWANO

9,NEWANO

EREP .MISTON,MISION

EREP.FILES

EREP.FILES is

a data element containing all of the indicated commands and,

when added, causes the commands to be executed.
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D. To sort and list FO's by mission category:

ARUN RUN-ID,ACCOUNTING,PROJECT ,RUNNINGTIME,PAGES
' AASG,AX FREP

AASG,AX ERDATA

AASG,AX EREPD

@USE 10,ERDATA

AFOR EREP.MSORT ,MSORT

pxoT

@ADD EREPD.EREPD
’ 3. Instructions for changing data files

A. Adding or changing proposal data
a. Modify element EREPD located on file ERFEPD
b. Execute a conversion run:
@RUN RUN-ID,ACCOUNTING,PROJECT ,RUNNINCTIME  PAGLES
@ASG,AX EREP.

@ASG,AX ERDATA
@ASG,AX EREPD

@USE 10,ERDATA

@FOR EREP .MSORT ,MSORT
AxXoT

@ADD EREPD.EREPD

B. Adding or changing site data
a. Modlfy element NEWDAT located on file EREP

b. Execute a conversion run:

ARUN RUN-ID,ACCOUNTING ,PROJECT ,RUNNINGTIME,
PAGES
@ASG,AX LATLON
‘ ¥*AASG,T  THOMEG
QUSE 2 ,LATLON
¥#@USE 3, THOMEG
@ASG,AX EREP
AFOR EREP.SITES,SITES
axXQT
@ADD EREP.NEWDAT

**
See previous footnote concerning file THOMEG.
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Q

Adding or changing trajectory data

There is no card-image file containing trajec-

tory data. Therefore, modifications can be made
only by regenerating or reprocessing the data. In
either case, it must appear in final form on the
trajectory file (i.e. SL2DAT, SL3DAT, or SLUDAT) as
one binary record containing:

a. The integer number of revolutions included on
the file

b. The integer number of the first rev with the abso-
lute value of beta greater than the maximum
value allowed.,
(If the absolute value of beta is never greater
than the maximum value allowed, set this number
and (c) to zero).

¢c. The integer number of the last rev with the absolute
value of beta greater than the maximum allowed.
See (b).

d. A floating polnt array dimensioned 5x700 where,
for the Kth entry

(1,K) is the rev number

(2,K) is the geographic longitude (degrees)
of the ascending equatorial crossing

(3,K) is the value of beta (the angle between
the sun vector and the orbit plane)

(4,K) is the time of the ascending equatorial
crossing expressed in days from 0000 GMT
on January 1

(5,K) is the value of beta at orbit noon

D. Changing mission dates and running with the Bellcomm -
supplied trajectory data.
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In element MISION of file EREP, modifyv as required |
the values of SL2STR, SL2FEND, SI?STR SL3END, SLA4STR,
SLU4END to the desired start (suffix STR) and end
(suffix END) times (in dayvs from zero time on
January 1). If the maximum allowed magnitude of beta
is to be different than 50°, the statement:
"IF (ABS(BETSUN).LT.50) GO to 60" should be changed
to reflect the new limit.

b. Execute a conversion run:

ARUN RUN=-ID,ACCOUNTING, PROJECT,RUNNINGTIME,
PAGES

AASG,AX SL2DAT

AASG,AX SL3DAT

@ASG,AX SLUDAT

AUSE 2 ,SL3DAT

BUSE 3,SL3DAT

AUSE I ,SLYDAT

@ASG,AX NEWANO

AUSE 9, NEWANO

@FOR EREP .MISION,MISION
AXOT

4. Brief Dictionary of Terms and Variables Required by a User

NOMINAL

VARIABLE DESCRIPTION VALUF
APASDE Central Arc of ZLV passes 60,
ARCMIN Number of degrees of site which must 1.0

be within spacecraft field of view in

order to be considered an acceptable

contact
IDEVIC | User output device. Controls volume TERMNI,

of printout = TERMNL or PRNTR
IERSAV = 0, Do not save mission status at end 0

of computer run

> 0, Save mission status on unit "IFERSAV"
at end of computer run



IEROLD

IFDAY

ILDAY

FO

MCATDE

MISION

PERWT

THEND

THI"ADE

THMIDE

THSTRT

WGTMXC
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= 0, Initialize current run from scratch 0

> 0, initialize current run at oreviously
generated mission status read from unit
"IEROLD"

First day to be scanned for best revs in
terms of FO weights accomplished. Day O
bepins at 0 hours, January 1. Re-
quired input for the scan option

Last day to be scanned for best revs. See
IFDAY

Flipht objective. FEach pronosal is broken
down into distinet objectives. FEach ob-
Jective is given a weight so that the
welght of all FO's of a proposal = 100

Mission category with respect to which a 234
pass 1s optimized

Mission being studied 2

Welghting factor to be applied to TO 1.0
weipghts achleved during a pass

Value of theta at the end of the optimum
arc of a rev. Calculated by the MAXWGT option.
Value can be changed by user

Largest value of theta to consider in 270,
optimizing a pass or evaluating a revolu-
tion

Smallest value of theta to consider in -90,
optimizing a pass or evaluating a revolu-
tion

Value of theta at the beginning of the
optimum arc of a rev., See THEND

Maximum weight which can be accomplished by
a rev during a pass of APASDE degrees,
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taking into account work already accom-
plished on the FO's under consideration

WGTMXU Maximum welght which can be accomplished
by a rev during a pass of APASDE deprees,
not taking into account work already accom-
piished on the FO's under consideration

5. Brief Description of the Available Options (and Spelling)

Evaluate or Eval or E

Evaluate a desipgnated revolution in terms of which, and how
many, of the EREP FO's can be accomplished. Put the results
in the SCORE array.

MAXWGT OR M

Determine the range of arc which maximizes the F.O. weiphts
accomplished by a rev.

SCAN OR S

SCAN every rev from IFDAY to ILDAY (inclusive) within specified
OMEGA 1imits, if any, and select the N best revs in terms of
the maximum F.0. weights accomplished.

ACCEPT OR A

Cause the propgram to simulate performing the EREP pass. Update
current status information to account for accomplishments.

PRINT OR P

According to which suboption is submitted, print information
summary of one of the following:

Revolution

Proposal

Current Mission

Status
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See following papge for spelling and description of the print
suboptions.

CHANGE OR C

Change the value of one or more control variables such as the
mission or the default value of the length of the arc of 7LV
passes.

STOP OR HALT

Save current mission status if specifled, and exit from progran.

6. PRINT SUBOPTIONS

OPTION DESCRIPTION

ALDONE List the FO's which have been completely accomplished

ERESUM Provide a summary of the conditional, unconditional,
and accumulated weights accomplished for everv
proposal being considered for current mission.

MISSUM Summarize the current mission status by mission

catepory in terms of the number of FO's worked on
and the weights accumulated.

NOWORK List each FO for which the accumulated welipght is zero.
PASSUM  Summarize the pass data accepted so far
PRGSUM Summarize the accumulated FO weights accomplished

and the total number of FO's worked on for each

category of each mission.

PRPSUM Print the conditional, unconditional, and accumulated
welghts for a given proposal.

PSCORIE Print the score array.
REVSUM Print a summary of the score arrav.

SUBROUTINE DESCRIPTIONS

The following pages describe each of the program subroutines.
The program entry point or main routine is included under the
title MAIN. Appendix A contains the program listings.



Subroutine ALLDON

Purpose: List all FO's relevant to the current mission which
have been completely accomplished by accepted
passes. Conclude with a summary, by mission catepory,
of completed FO's,

Calling Sequence: Call ALLDON

Common Sectlons Used: CNTROL, EREPC, SCOREC, CNSTNT
Calls: CINOTE |

Called By: MAIN

Description: ALLDON searches the list of FO's which can be
accomplished on the current mission for those
which have been completed. When a completed
FO is encountered, the following information
is printed: proposal number, FO number,
mission category, total possible FO weight, and
total accumulated weight. When the entire 1list
has been searched, a summary of the above in-
formation 1is printed by mission category. The
following data is given: mission category,
total possible weight of FO's completed, total
accumulated welght of FO's completed, and total
number of FO's completed.

Should a console interrupt occur during the
first stage of printing, that printing will be
terminated. However, the remaining FO's will
be scanned for completed entries, and the
summary will be glven.




Description:

- U6 =
Subroutine CINOTE

CINOTE is a UNIVAC 1108 Assembler Languarge
subroutine which allows a user, operating in
an interactive mode, to halt undesired printout
without terminating program execution. The
user does thils by depressing a control inter-
rupt key which causes control to switch from
the print mode and to return to the next in-
struction in the subroutine causing the print-
ing., A call to CINOTE must be made in the
beginning of each subroutine during which the

user might desire to effect an interrupt. The
calling sequence is:

Call CINOTE (IPFLAG) where IPFLAG must be
set to zero. The value of IPFLAG is changed
by an interrupt, and provision is made for
resetting it to zero.
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Subroutine COMMON

Purpose: 1Initialize control parameters and arrays, read in
: data base, set up COMMON sections. Change arrays
when MISION 1s changed.

Calling Sequence: Call COMMON(ICHFLG) where ICHFLG = 0

indicates initial set-up of program, and
ICHFLG = 1 indicates user's desire to
change the mission under consideration.

Common Sections Used: CNTROL, EREPC, SCOREC, CNSTNT

Calls: None

Called By:

Description:

MAIN

Initlally, COMMON assigns default values to a
group of control variables. It then allows the
user to change the value of one or more of these
varliables using a namelist input. When the
varlable values have been finalized, COMMON
reads in the proposal matrix, the site array,
and the trajectory information. It loads the
relevant mission category numbers into the MCAT
array and sets up pointers to the appropriate
blocks of data in the proposal (EREP) matrix.
Finally it fills array PRLIST with the proposal
numbers for the current mission.

When COMMON is called with the value of

ICHFLG = 1, the set of trajectory data for the
new mission is read into the TRAJ arrav, over-
laying the data already there. Additionally,
the mission category numbers in the MCAT array
and the pointers to the EREP matrix are revised.
Finally, PRLIST is filled with the proposal
numbers for the new mission.
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Subroutine ELTHET

Purpose: Given BETA and the value of theta at orbital noon,
solve for the values of theta for a given sun
elevation angle.

Calling Sequence: Call ELTHET(BETA, TNOON, FL, THETUP,
THETDN, NOSUCH) where
BETA is the angle between the solar
vector and the orbit plane (degrees).
(input)

TNOON 1s the value of theta at orbit noon
(degrees). (input)

EL is the sun elevation (degrees).
(input)

THETUP is the value of theta at which the
sun elevation is EL degrees and
rising. (output)

THETDN is the value of theta at which the
sun elevation is EL degrees and
falling. (output)

NOSUCH = 0 unless there is no value of
theta corresponding to EL degrees
sun elevation, in which case it is
set to 1. (output)

Calls: SIN, COS, ACOS
Called By: FOSCAN

Description: ELTHET determines the arc length from orbital
noon to a given sun elevation. It then sub-
tracts thils value from theta noon to yvield
THETUP and adds it to theta noon to determine
THETDN and returns to the calling routine., If
no theta values can be found for a given sun
elevation, flag, NOSUCH 1is set to 1 and control
returns to the calling routine.
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Subroutine FLYOVR

Purpose: Determine whether a given revolution passes over,
or in view of, a site. If it does, compute theta
limits of pass (and, if total coverage is required,
the limits of omega effectively covered¥),

Calling Sequence:

*
Not implemented.

Call FLYOVR (OMEGA, ISITE, FOV, ITOTAL,
IOVER, TSTRT, TEND, OMMIN, OMMAX) where

OMEGA

ISITE

FOV

ITOTAL

IOVER

TSTRT(2)

is the longitude of the ascend-

ing equatorial crossing. (degrees)

(input) o ) )
is the site number. (input)

is the half angle field of view
of the instrument with the nar-
rowest fleld of view required
by the FO. (degrees) (input)

= 0, total coverage of site not
required

= 1, total coverage of site re-
quired (input)

= 0, rev does not pass over site

= 1, rev passes over site on as-
cending leg

= 2, rev passes over site on des-
cending leg

3, rev passes over site both
ascending and descending
(output)

value of theta at start of pass
over site. TSTRT(1l) contains
value of theta for ascending
pass. TSTRT(2) contains value



TEND(2)

OMMIN(2)

OMMAX(2)
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of theta for descending pass.
(output)

value of theta at end of pass
over site. (output)

minimum value of omepa at which
site can be viewed. OMMIN(1)
contains value of omega for as-
cending pass. OMMIN(2) contains
value of omega for descending
pass. (output)

maximum value of omega at which
site can be viewed. (output)

Common Sections Used: EREPC, CNSTNT

Calls: ASIN, COS, LONRAN, SIN, SLOPE

Called By: FOSCAN



Description:
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Subroutine FLYOVR

The corner polnts of the site being considered
are extracted from the SITE matrix and are
converted to omega-~theta coordinates, ascending
and descending. Next the maximum and minimum
omega values, both ascending and descending,
are determined.

The flow of events described next occurs

twice, Arnna A the AnaAan

oY
vilve 1 UL

ascending portion of the
orbit and once for the descending portion:
The average value of theta of the site is cal-
culated and used in a call to LONRAN to deter-
mine the edges of the field of view in terms

of omega 1limits. If the orbit passes directly
over the site, that is, if the omega of the
revolution falls within the omega range of the
site, the pass 1s considered acceptable, and
the theta limits of the pass are computed as
the values of theta when the subvehicle point
enters and leaves the site. (If the site is
shaped such that the subvehicle point enters,
leaves, enters again and then leaves again,

all in one leg of the orbit, only the first
entry and last exit values are used.) If the
spacecraft does not pass directlv over the site
and the site is large--defined as having an
omega range greater than the omega range of the
field of view--the pass 1s not counted. If

the site 1s small and at least 1/4 of the omega
ranpe falls within the field of view, the pass
is counted. The theta range of a small site
which straddles the edge of the field of view
is computed as the values of theta when the
subvehicle point of a pseudo spacecraft on an
orbit with omega equal to the edge of the field
of view enters and exits the site. If a small
site 1s not directly overflown but lies entirely
within the field of view, the largest and
smallest values of theta for the site are used
for the pass theta limits. The value of IOVER
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is set according to the coverage acquired as
defined in the calling sequence above, After
both the ascending and the descending portions
of the orblt have been considered, control re-
turns to FOSCAN.
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Subroutine FOSCAN

Purpose: Scan the EREP matrix to determine which FO's can
be satisfied on a given revolution.

Calling Sequence: Call FOSCAN

Common Sections Used: CNTROL, EREPC, SCOREC, CNSTNT, PDATA
Calls: CINOTE, ELTHET, FLYOVR, PASBAD, SUNEL, TIMDAT
Called By: MAIN, MASCAN

Description: The trajectory data of the rev being considered
1s extracted from the TRAJ array, and the date
of the rev 1s converted from days since zero
hours, January 1, 1973, to month, day and hours
by a call to TIMDAT. Control then enters a loop
which scans all of the mission FO's for possi-
ble accomplishments by the rev.

First the date of the rev is checked against

the months desired by an FO. If there is an
agreement, the FO is considered further; if not,
control loops to the next FO. Next, the flag
ITOTAL is set, indicating either that the FO
requires total coverage (ITOTAL = 1) or it does
not (ITOTAL = 0),

The sensors desired by the FO are next con-
sidered, and the half-angle field of view of the
spacecraft is set to the narrowest field of anv
of 1ts desired sensors. This information, com-
bined with the total coverage indicator and per-
tinent trajectory data, is used in the call to
FLYOVR to determine if the FO site will be
acceptably in view.

If the site is not overflown, no further con-
sideration 1s given the FO. However, if the
site 1s overflown, the subroutine checks whether
the lighting conditions at the site meet
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the FO specifications., If the 1lipghting
conditions reduce the usable range of theta of
the overflight, the appropriate theta limits
are adjusted and subroutine PASBAD is called
to determine whether the good part of the pass
is long enough to be accepotable, If it is,
the program finally looks at the coverapge re-
quirements. Since no coding is implemented
for total coverage, 1t 1is treated as a single
pass requirement. For FOs specifving re-
peating coverape of the site, the date of

the rev 1s checked apainst the dates, if any,
of previous overflights of the site in order
to determine if the pass occurs on an acceptable
date spacing.

Next the constrained weight and the uncon-
strained welght accomplished by the pass over
the site are determined. The unconstrained
welght is calculated by dividing the total
weilght allotted the FO by the total number of
overflights desired. The constrained weight
is determined in the same manner, but, if the
resultant welght plus the weight already ac-
complished 1s greater than the total possible
welpght, the constrained weight is set to the
difference between the total possible weight
and the total accumulated weight. The mini-
mum constrained value = 0,

If a site meets all of the requirements for

an acceptable pass, the following information
for the rev 1s entered in the SCORE array: the
line number of the FO in the EREP matrix, theta
at the start of the pass over the site, theta

at the end of the pass over the site, the un-
constralned and constrained weights accomplished
by the pass, and the mission categorv of the

FO.
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Subroutine LATILON

Purpose: To convert coordinates expressed by latitude and

longitude into theta/omega coordinates, with the
effects of the earth's rotation and orbit regression
rate included in the computation.

Calling Sequence: CALL LATLON (XLATC, XLON, @MEGAl, @MEGA2.)

Common

Calls:

.Called

XLATC The latitude coordinate of a
point, measured in a plane
normal to the equator. (Degrees)
(Input)

XLON The longitude coordinate of a
point, measured in the plane of
the equator with respect to a
reference meridian. (Degrees)
(Input)

OMEGA1l The longitude of the ascending
equatorial crossing of an orbit
whose ascending side crosses the
point (XLATC, XLON). (Degrees)
(Output)

OMEGA?2 The longitude of the ascending
equatorial crossing of an orbit
whose descending side crosses
the point (XLATC, XLON). (Degrees)
(Output)

Sections Used: CNSTNT
No other subroutine.

By: Subroutine LONRAN.

Description: The subroutine operates by first calculating

the ascending and descending values of theta
corresponding to the calling argument, XLATC;
(The values of theta are functions of lati-

tude only). The two values of omepa, OMEGAL
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and OMEGA2, corresponding to the ascending
and descending orbits which cross the point
(XLATC, XLON) are then calculated. This in-
volves subtracting two terms from the longi-
tude (XLON) of the given point. The first

is a geometric term which is simply the dis-
placement in longitude between the ascending
equatorial crossing and a point on the ground
track at latitude XLATC; the displacement in
lonpgitude is bi-valued, one for the ascending
and one for the descending side of the orbit.

The second term is the displacement in longi-

tude which ensues (due to earth's rotation and

orbit regression) during the time the space=-
craft travels through the centrol angle theta,
agaln bi-valued.




d

~

Purpose:
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Subroutine LONRAN

To determine the difference in the omega coordinates
between a given polnt and the points at either

edge of the fleld of view at that point. The edges
of the field of view lie on a line orthogonal to

the ground track.

Calling Sequence: CALL LONRAN (THETA, FOV, DOMN, DOMP.)

THETA The angle between the ascending
’ equatorial crossing and a point
on the ground track, measured in
the instantaneous orbit plane.
(Degrees) (Input)

FOV The half angle field-of-view of
an EREP instrument. (Degrees)
(Input)

DOMN The nepative difference in

omega, with respect to the omepa
of the ground track. It is
equivalent to the difference in
omega between the given orbit and
an orbit which passes over a
point at the extreme edge (mea-
sured normal to the flight direc-
tion) of the field-of-view. The
negative difference corresponds
to the point at the left edge

of the field-of-view for ascend-
ing orbits, and corresponds to
the point at the right edge of
the field of view for descending
orbits., (Degrees) (Output)

DOMP The positive difference in
omega, with respect to the omega
of the ground track. The posi-
tive difference corresponds to a
point at the right edge of the
fileld of view for ascending or-
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bilts, and to points at the left
edge of the field of view for
descending orbits. (Degrees)
(Output)

Common Sections Used: CNSTNT

Calls: Subroutine LATLON.

Called By:

Description:

Subroutine FLYOVR.

The central angle from the spacecraft to the
edpe of the fleld of view is calculated based
on the half angle field of view. Next the
latitude and longitude of the point at the
edepes of the point of view are determined.
They are computed on the basis of 1lving on

a great circle orthogonal to the spacecraft
orbit and intersecting it at the location of
the spacecraft. Subroutine LATLON is then
called to determine the values of omega of the
field of view edge points. If the value of
theta for the spacecraft indicates that it is
on the ascending leg of the orbit, the as-
cending omega values for the edge of the field
of view are used and vice versa. Finally the
difference between the omega values and the

reconstucted omega of the orbit are determined

and returned to the calling routine.
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MAIN Routine

Purpose: Provide the starting point of the program and con-
trol the program flow by means of options input
by the user.

Common Sections Used: CNTROL, EREPC, SCOREC, CNSTNT, PDATA,

PRNT

Calls: ALLDON, CINOTE, COMMON, FOSCAN, MASCAN, NONDON, PPASS,
PPROP, PSCRMC, PTSCRM, PTSCRP, THEMAX, WGTADD

Description:

The MAIN routine is the program starting point.
Initially it calls subroutine COMMON with the
variable ICHFLG in the calling arpument set to
zero. This allows the current mission to be
defined and the corresponding arrayvs and varia-
bles to be initialized.

After the program has been set up, MAIN ac-
cepts the flrst option from the user. As each
option 1s carried out, control returns to this
point to read the next option. There are seven
options available to the user. After an option
is read, control transfers to the section of
MAIN appropriate for that option.

Following is a description of the program
activity as a result of each option (underlined
letters may be typed instead of the formal
option name):

EVAL option. This causes a designated revolu-

T tion to be evaluated in terms of which and
how many of the EREP FO's can be accomplishe
The user types the number of the rev he
wlshes evaluated. MAIN determines if the
rev 1s valid for the current mission. If it
is valid, MAIN calls FOSCAN to evaluate it.
If 1t is invalid, an appropriate diapnostic
is printed.

d.
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MAXWGT option. This determines the range of arc
which maximizes the FO weights accomplished
by a rev. The length of arc to be maximized,
the mission category to be maximized, and
the start and end values of theta to be con-
sidered are all set to the default values
APASDE, MCATDE, THMIDE, THMADE, respectivelyv,
The user is then allowed to change any or
all of the assigned values through input in
namelist MAX. MAIN then calls THEMAX to
determine the best range of arc.

SCAN option. This option causes scan of every

rev within specified time 1limits and within
specified omega 1limits, if any, to select
the n best revs in terms of maximum FO
welphts accomplished. The user is asked to
type the first and last days during which
he desires the revs scanned Subroutine
MASCAN is then called.

ACCEPT option. This causes the program to simu-
" late performing the EREP pass by updating the
current mission status information to account
for the accomplishments. The user is shown
the current values of the rev number and
the multiplier PERWT. If thev are not what
he desires, he may so indicate, in which
case control returns to read another ontion.

PRINT option. According to which suboption is

" submitted, the PRINT option causes informa-
tion to be printed about one or more of the
following: the current rev, a particular
proposal, the current mission status. The
avallable suboptions are explained on ano-
ther page. MAIN reads the name of the sub-
option typed in by the user, and calls the
appropriate subroutine to effect the desired
information gathering and printing.

CHANGE option. This option allows the user to
change one or more of the control variables.
These 1include the central arc of a 7LV pass
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(APASDE), the number of the mission (MISION),
the mission category on which to maximize

a pass (MCATDE), the minimum and maximum
values of theta to consider for pass optimi-
zation (THMIDE, THMADE), the weighting fac-
tor to be applied to FO weights achieved
during a pass (PERWT), the unit number of
the file on which to save the mission status
(IERSAV), the unit number of the file from
which to read a previous mission status
(IEROLD), the output device (IDEVIC), and
the number of depgrees of a site which must

- ~ -~ e oo — — * o -
be within the field of view to be considered

an acceptable contact (ARCMIN). The program
reads the changes through namelist CONTRL.

If the mission number is changed by the user,
MAIN calls COMMON with argument ICHFLG = 1

in order to acquire the correct trajectoryv
data.

STOP (or HALT) option. This option allows the
program to terminate after first having
saved the current mission status if desired.
If the user has assipned a value to IERSAV,
the mission status is automaticallyv written
onto the unit and program execution is
halted. However, if the user has not speci-
fied a value for IERSAV, he is given an
opportunity to do so before execution stops.



Purpose:

Calling

- 62 -
Subroutine MASCAN

Examine every rev occurring from IFDAY through
ILDAY and within specified omepa limits, if any,
determine which accomplish the most in terms of
FO welght accomplished.

Sequence: Call MASCAN (IFDAY, ILDAY) where ILDAY ,
is the first day of the scan. January 1
at Greenwich is Day 0. (Input)
ILDAY is the last day of the scan

(Innnt)

. saps R

Common Sections Used: CNTROL, EREPC, PDATA

Calls:

FOSCAN, THEMAX

Called Byv: MAIN

Description: First the user is allowed to speclfv omega

windows for the scan about to be executed and is
then permitted to change the values of four
control variables (APASDE, MCATDE, THMIDE,
THMADE) 1if so desired. The scan for best revs
begins with the TRAJ matrix being searched for
all revs occurring within the date and omera
constralnts. Each of the acceptable revs is
evaluated and maximized by a call to FOSCAN
and to THEMAX. The results are stored in an
arrayv, and, after all vossible revs in the
trajectory matrix have been considered, the
array 1is scanned for the N entries exhibiting
the hipghest constrained weights. These entries
are printed for the user.

Limitation - an array (FLY) in MASCAN is
currently sized to allow up to 700 revolutions
to be considered. If more are contained be-~
tween IFDAY and ILDAY, an error will most
probably occur. This possible, but unlikely,
event 1s not alarmed.
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Subroutine NONDON

Purpose: List the FO's which can be done on the current
mission for which the accumulated weight eaquals
zZero.

Calling Sequence: Call NONDON

Common Sections Used: CNTROL, EREPC, SCOREC, CNSTNT

Calls: CINOTE

Called Byv:

Description:

MAIN

NONDON searches the accumulated score array
(TOTSCR) for zero entries corresponding to

FO's which can be accomplished during the
current mission. For each entrv that is found,
the followinp information is printed: pro-
posal number, FO number, mission catepory,

and total possible FO weight. After the entire
array has been searched, a summary of the

above 1nformation is printed by mission cate-
pory including category number, total possible
score of the FO's in that categorv for which

no weilpht has been accomplished, and total
number of FO's in that categorv for which no
welght has been accomplished.

Should a console interrupt occur during the
printing of individual FO's, that printing will
be terminated, but the summary will be fgiven.,
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Subroutine PASBAD

Purpose: Determine if the usable portion of a pass over, or
in view of a site 1s acceptable in terms of the
length of the usable pass compared to the size of
the site. PASBAD is called by FOSCAN to determine
whether bad lighting unduly restricts the length

of the pass.

The o

ther calling routines use PASRBAD

to determine whether a selected Z-local vertical
arc unduly restricts the usable pass.

Calling Sequence: Call PASBAD (TSTART, TEND, START, END,
IGOOD) where

TSTART

TEND

START

END

IGOO

Common Sections Used:

D

CNTROL

is the value of theta at which
the orbit starts a pass over,

or in view of, the site (deprees)
(input)

i1s the value of theta at wich
the orbit concludes a pass over,
or in view of, the site (degrees)
(input)

is the value of theta at the
start of a specified arc of the
rev (degrees) (input)

is the value of theta at the end
of a specified arc of the rev
(degrees) (input)

= 0, specified arc does not cover
enough of the site for the pass
to be acceptable.

= 1, specified arc does cover
enough of the site for the pass
to be acceptable.
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Calls: None _
Called By: FOSCAN, THEMAX, WGTADD, PSCRMC

. Description: If either (END-START) > 1/2 (TEND-TSTART) or
(TEND-TSTART) > ARCMIN, IGOOD =1, Otherwise
IGOOD = 0.
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Subroutine PPASS

Purposé: Print a summary of the pass data accepted so far.
Calling Sequence: Call PPASS

Common Sections Used: SCOREC, CNSTNT

Calls: TIMDAT

Called By: MAIN

Description: For each accepted pass record contalned in the
PASS array, PPASS prints the rev number, the
longitude of the ascending equatorial crossing,
the month, day and hour at the start of the pass,
theta at the start and end of the pass, and the
sun elevation angle at the start and end of the
pass.,
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Subroutine PPROP

Purpose: Print constrained, unconstrained, and accumulated
welghts for a given proposal, IPROP, as of the cur-
rent rev.

Calling Sequence: Call PPROP (IHDG, IFOPRN, IPROP)
IHDG = 1, print rev number and column

headings
o

IFOPRN

, do not print rev number and
column headings (input)

il
)
-

print constrained, uncon-
strained and accumulated
scores for each FO of the
proposal. (input)

= 0, print scores for complete
proposal only,

IPROP is the number of the proposal
to be analyzed for constrained,
unconstrained, and accumulated
weights. (input)

Common Sections Used: CNTROL, EREPC, SCOREC, CNSTNT, PDATA
Calls: None

Called By: MAIN

Description: PPROP scans the EREP array for all FO's of the
specified proposal. As each 1is found, the cur-
rent SCORE array 1s searched for a correspond-

. ing entry. If one is located, the constrained
and unconstrained weights for that FO are
added to the array containing the summary in-
formation for the complete proposal. If the
print flag, IFOPRN, is set to 1, the indivi-
dual FO scores are also printed.
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When the entire EREP arrav has been scanned
for the FO's of the specified proposal, the summary
scores for the proposal are printed.
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Subroutine PSCRMC

Purpose: Print a summary by mission category of the FO's in
the current SCORE array which can be worked on by a
pass from THSTRT to THEND.

Calling Sequence: Call PSCRMC

Common Sections Used: CNTROL, EREPC, SCOREC, CNSTNT, PDATA
Calls: PASBAD

Called By: MAIN

Description: PSCRMC first determines 1f the output device,
deslignated by the value of the variable IDFVIC
is 'PRNTR' which indicates a high speed printer.
If it 1s, the SCORE matrix is scanned, and, for
each entrv, the following information is printed:
proposal number, FO number, the values of theta
at the beginning and end of the pround track
pass over, or in view of, the site, the total
welght of the FO, the unconstrained welpght
accomplished on this rev, the constrained weipght
accomplished on this rev, the mission category
of the FO, and the accumulated weight alreadv
accomplished on the FO.

Next, regardless of the value of IDEVIC, the
SCORE matrix is searched for FO's worked on
during a pass from THSTRT to THEND. For each
entry in SCORE, subroutine PASBAD is called to
determine 1if the pass is acceptable. If it is
acceptable, its accomplished weights are

added to a summary table. After the entire
SCORE array has been scanned, the summary table
is printed, giving the following information for
each mission category: total constrained
welghts accomplished, total unconstrained welights
accomplished, total accumulated weight accom-
plished so far, total weight possible of FO's
worked on, and total number of FO's worked on.
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Subroutine PTSCRM

Purpose: For the current mission, print the total number
of FO's worked on and the accumulated weipghts ac-
complished.

Calling Sequence: Call PTSCRM

Common Sections Used: CNTROL, EREPC, SCOREC, CNSTNT
Calls: None

Called By: MAIN

Descriptlion: If the output device indicated bv the value of
IDEVIC is 'PRNTR', PTSCRM first prints, for each
FO applicable to the current mission, the pro-
posal number, the FO number, the total weight
accompllished, and the total possible weight.

Repgardless of the value of IDEVIC, the fol-
lowing summary is printed for each categorv of
the current mission: the category number, the
total accumulated weipht for the category, the
total weight possible for the category, and the
total number of FO's worked on in the categporv.
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Subroutine PTSCRP

Purpose: Print a summary of the accumulated FO welghts accomplished
during all three missions.

Calling Sequence: Call PTSCRP

Common Sections Used: CNTROL, EREPC, SCOREC, CNSTNT

Calls: None
Called By: MAIN

Description: PTSCRP scans through the entire EREP matrix
accumulating weiphts for each mission category
in a summary table. At the conclusion of the
scan, it prints for each categorv the catepory
number, the total weight accomplished, the
total possible welght of all of the FO's in

the category, and the total number of FO's
worked on.
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Subroutine SLOPE

Purpose: Given the coordinates of two points in omega~theta
Space, form the equation of the straipght line
between them and determine the value of theta at
the point on the line where omega is equal to a

given value.

Calling Sequence: Call SLOPE (X1, Y1, XZ, YZ, OM, THET)

X1, Y1
X2, Y2

OM

THET

Common Sections Used: None

Calls: None

Called By: FLYOVR

The omega-theta coordinates of

the twe points defining the line.
(input)

The longitude of the ascending
equatorial crossing of the ground-
track. (input)

The value of theta at the inter-
section of the groundtrack and
the straipght line. (output)

Description: The slope and the ordinate intercept are determined
for the line connecting the points (X1, Y1)

and (X2, Y2).

The value of THET is then calcu-

lated to be the result of adding the ordinate
intercept to the product of OM times the slone.




Purpose:

Calling Sequence:
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Subroutine SUNEL

Solve for the sun elevation angle at a given value

of theta.

where BETA
TNOON
THETA
EL
NOSUCH

Common Sections Used: None

Calls:

COS, ACOS, TAN, SIN

Call SUNEL (BETA, TNOON, THETA, EL, NOSUCH)

1s the angle between the solar
vector and the orbit plane. (de-
grees). (input)

is the value of theta at orbit
noon. (input)

is the value of theta at which
the sun elevation is requested. .
(input)

is the calculated sun elevation
angle at THETA. (output)

0, EL has been calculated

l, EL is set to zero; no eleva-
tion can be determined for the
given value of THETA. (output)
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Subroutine THEMAX

‘ Purpose: Determine the best location for a z local vertical
rass within a revolution in terms of maximizing the
FO weipght accomplished.

Calling Sequence: Call THEMAX (ARCPAX, MCATEG, THMAX, THMIN,
WGTMXC, WGTMXU)

where ARCPAS is the length of pass. (degrees)

‘ (input)

MCATEG is the mission cateoprv to be
. maximized. (For example, 1if
MCATEG = 234, all of the FO's in
SCORE are used to maximize the
pass welght. If MCATEG = 23, the mis=-
sion FO's in catepories 2, 3,
and 23 are used to maximize the
pass welght, etc.) (input)

THMAX Upper theta boundary of the rev
to be scanned for the best pass.
(degrees) (input)

THMIN Lower theta boundary of rev to
be scanned for the best pass.
If THMAX = THMIN = 0, the theta
limits are set to THMADE and
THMIDE respectively. (degrees)
(input)

WGTMXC is the total constrained weipht
accomplished during the maximum
welght pass. (output)

' WGTMXU is the total unconstrained
welght accomplished during the
maximum weight pass. (output)

Common Sections Used: CNTROL, SCOREC, PDATA, PRNT.
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Calls: PASBAD

Called By:

Description:

MAIN, MASCAN

The SCORE array 1s searched for entries corres-
ponding to the mission category to be maximized.
When an entry 1is found, the number of that entry
in SCORE is placed in an array named THFETA.
After the entire SCORE array has been searched,
the pointers in THETA are sorted to point to
records in SCORE in ascending order of theta

at the start of the pass over a site.

THEMAX then evaluates the constrained and
unconstrained welpght accgmplished assuming the

Z local vertical pass starts at the lowest value of
theta in THETA and ends at that value plus ARCPAS
degrees. This process is repeated for each

value of theta in THETA.

Calls to PASBAD identify the entries in SCORE
acceptable for the arc. The welghts contained
in the acceptable entries are added to the
array TMAX which contains the constrained
welght, unconstrained weipght and theta start
value for each arc evaluated.

After all possible arcs have been evaluated,

the TMAX array is scanned for the entry with
the maximum constrained weight. The value of
THSTRT in common section PDATA is set to the
theta start value of the entry. THEND is set
to THSTRT plus ARCPAS degrees. The constrained
and unconstrained weights of the entry are re-
turned to the calling routine as WGTMXC and
WGTMCU respectively.
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Subroutine TIMDAT

Purpose: Convert time expressed as time elapsed from mid-
night on December 31 to month, days and hours.

Calling Sequence: Call TIMDAT (TIME, MO, IDAY, HR)

where TIME

MO

IDAY

HR
Common Sections Used: None
Calls: None

Called By: FOSCAN, PPASS

is days elapsed from midnight
on December 31. (input)

is integer month
is integer day (output

i1s floating point hours (output)

Descrintion: MO is piven a value from 1 to 12 depending
upon the month in which TIME falls. IDAY is
gilven the value of the integer number of days
in the month corresponding to TIME. HR is
glven the value of the fractional part of
TIME multiplied by 24,
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Subroutine WGTADD

Purpose: Simulate the effect of having performed an EREP pass.
Calling Sequence: Call WGTADD

Common Sections Used: EREPC, SCOREC, PDATA

Calls: PASBAD, SUNEL

Called By: MAIN
Description: WGTADD scans the SCORE array to find all FO's
which can be worked on during a pass defined
from THSTRT to THEND. At each iteration it
calls PASBAD to determine if the pass is accepta-
ble., If it is, it adds to the
TOTSCR entry for that FO, the constrained
welght held in the SCORE array.

If the acceptable FO has a requirement for

a pass or passes spaced randomly, the program
then loops to consider the next FO since nothing
else needs to be recorded. The same thing
happens if the F0O requires total coverage of

the site since no logie 1is currently implemented
to handle total coverage. Finally, if repeating
coverage of the site 1s required by the FO,
appropriate entries must be made in the PASDAT
array. This includes incrementing the counter
contained in PASDAT for the FO representing the
number of passes scheduled over the site., Also,
the date of the current pass is added to the
list of dates on which the passes previously
accepted for the FO occurred.

After the entire SCORE array has been scanned,
the PASS matrix is updated to reflect the
current pass belng accepted. TIPASS, the counter
indicating the number of passes which have been
accepted, 1is incremented by one. The correspond-
ing record in PASS is fillled with the follow-
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ing data: the number of the rev on which the
pass occurs, the longitude of the ascending
equatorial crossing, the date at which the rev
begins, theta at the start of the pass, theta
at the end of the pass, and the sun elevation
angles at the start and end of the pass.
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KNOWN ANOMALIES AND INCONSISTENCIES

The writers currently know of only four program anomalies though
it should be stressed that the available time has precluded
thorough program testing.

The most important anomaly involves the times stored in the PASS
array which are supposed to be the time of the start of the ZLV
pass. The times currently stored (and printed under the PASSUM
print option) are actually the times of the ascending equatorial
crossing. To correct this error the statement

PASS(3,IPASS) = TRAJ(H4,LINE)

in subroutine WGTADD should be changed to

PASS(3,IPASS) = TRAJ(4,LINE)+THSTRT¥ORBPER/360.)/1440,

The orbit period, ORBPER, should either be defined by the
statement

ORBPER = 93.283019

or by adding the statement

INCLUDE BLK4, LIST

if ORBPER 1is defined in subroutine COMMON as discussed below.

The second anomaly also involves subroutine WGTADD. The
constrained weight accomplished on a pass is supposed to be
multiplied by PERWT before belng added to the TOTSCR array but
it is not. The following statement should be added before any
executable code

INCLUDE BLK1l, LIST
The statement:

TOTSCR(NPT) = TOTSCR(NPT) + SCORE(S,I)
should be changed to
TOTSCR(NPT) = TOTSCR(NPT) + SCORE(S,I)¥PERWT.

Under the REVSUM option, the heading format does not permit a
four significant digit revolution number. The statement:

3000 FORMAT(//T2,'SUMMARY OF REV',li,',etc.
should be chanped to
3000 FORMAT(//T2,'SUMMARY OF REV',IR,',etc.
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The sun elevatlon angle data printed under the print suboption
PASSUM 1s improperly formatted if a negative angle is involved.
The second line of the 2000 FORMAT statement should be changed
from

. F6.2,TM4,F6.2,T52,F§.2,T60,F§.2)
to:
. F6.2,T&4,F6.2,T52,F§.2,T60,F§.2)

There is a potential inconsistency in the program in that certain
orbit sensitive parameters are multinly defined in the various
subroutines. Since the program could be used for non-nominail
Skylab orbits and for altogether different orbits as well (e.g.
ERTS), these parameters should be singly defined and carried

in the labeled common section CNSTNT. In addition, certain

fixed constants should be added to CNSTNT and the definitions
deleted from the subroutines. The following steps will
accomplish this goal.

The PDP element EREP.COM should be edited to add the necessarv
constants to the common section CNSTNT. The following line
should be added to the BLKY4 PROC entry:

. PI,EARRAT,PRERAT,DTOR,RE,RORB,XINCL

(The description in the section labeled "variables in common
Section CNSTNT " impllies this has already been done but it
hasn't.)

Several statements should be added to subroutine COMMON. It

is suggested that they be added following the statement
PERWT=1.0. If added at this point, prior to the display of the
control variables, orbit sensitive parameters could easily be
added to the display if desired. These variables could also

be added to NAMELIST/CONTRL/so they could be changed at program
initiation (and to NAMELIST/CONTRL/ in the MAIN routine so they
could be changed under the CHANGE option). The new statements
are:

PI=3.14159265 -

EARRAT=15.04104953 @EARTH ROTATION RATE - DEG/HR
PRERAT=-,21174988 @INERTIAL PRECESSION RATE ~ DEG/HR
ORBPER=93,283019 @ORBIT NODAL PERIOD - MINUTES
DTOR=.01745329 @DEGREES TO RADIANS
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RTOD=1./DTOR @RADIANS TO DEGREES
RE=20925738.2 @EARTH RADIUS - FEET
RORB=22353625.3 @SEMI-MAJOR AXIS -~ FEET -
XINCL=50. @ORBIT INCLINATION - DEGREES

The following changes should be made to the indicated
subroutines.

Subroutine ELTHET

Replace the statement:
RTOD=180./3.1415927
with:

INCLUDE BLK4, LIST

Subroutine FLYOVR

Add the statement

INCLUDE BLK4, LIST

Replace the statements bepinning EARTH=, DTOR=,
and RINCL=; with
EARTH=(EARRAT—PRERAT)/(360./(ORBPER/60.))
RINCL=XINCL¥DTOR

Subroutine LATLON

Remove the two line DATA statements and replace with:

INCLUDE BLK4,LIST

SIN50 = SIN(XINCL¥DTOR)

COS50 = cos(XINCL*DTOR)

DOMEGA = -(EARRAT-PRERAT)*ORBPER/21600.

(DOMEGA is the change in the longitude of the ascending
equatorial crossing expressed in degrees (or radians)
change per degree (radian) of spacecraft travel.)

Subroutine LONRAN

Remove the two~line data statement and replace with:

INCLUDE BLK4,LIST
SINI SIN(XINCL¥*DTOR)
COSI COS (XINCL¥DTOR)
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RATIO = RORB/RE

E = (EARRAT-PRERAT)*ORBPER/21600.

(E is the negative of the change in longitude of the ascending
equatorial crossing.)

Subroutine SUNEL

Replace:

RTOD = 180,3.1415927
with:

Subroutine WGTADD

Add the statement
INCLUDFE BLK4 LIST

The orbit parameters are also defined in the auxiliary routine
on file EREP.NEWDAT and should be changed if those in the main
program are changed. Falling to change the parameters in NEWDAT
will not affect the main program since the site corner points
are stored in terms of their latitude/longitude coordinates.
However, the printout from NEWDAT listing the site corner points
in omega/theta coordinates would be meaningless. The statements
involved are

OMEGAO = 360./1.55471699 - the mean motion of the spacecraft
in degrees per hour
REGRES = ,21174988 -~ the negative of the inertial precession

of the orbit line of nodes - degrees
per hour.

XINCL = 50,0 - the orbit inclination in degrees.

When building the SL2DAT, SL3DAT, and SLUDAT trajectory files,
the auxiliary routine on file EREP.MISION automaticallv discards
those revolutions for which the absolute value of beta is pgreater
than 50 degrees. If a different limit is desired, MISION must

be changed. The statement which discards the revolution reads:
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IF (ABS(BETSUN).LT.50) GO TO 60

If the limit is changed, the only main program change would be
the second and third lines of the 600 FORMAT statement in
subroutine COMMON. They now read:

. T2,'FIRST REV WITH ABS BETA GREATER THAN 50: ' I4,/
. T2,'LAST REV WITH ABS BETA GREATER THAN 50: 'oIh)

The comment cards describing the purpose of the SUNEL and ELTHET
subroutines may be confusing. The code was changed slightly

(to adapt them to this program) since the comment cards were
written and they were not updated. The purpose of SUNEL should
read:

PURPOSE: GIVEN BETA, AND THE VALUE OF THETA AT ORBIT NOON,
SOLVE FOR THE SUN ELEVATION ANGLE AT THE GIVEN
VALUE OF THETA »

The description of ELTHET should read

PURPOSE: GIVEN BETA, AND THE VALUE OF THETA AT ORBIT NOON,
SOLVE FOR THE VALUES OF THETA FOR A GIVEN SUN
ELEVATION ANGLE

The subroutine VROTAT is included on the program tape but is
no longer required. It was used with a previous version of

LONRAN.
n.a .

D. A. COREY

L. Sobebed,

D. N. SAKOLOSKY

DAC £ o £2a4li42)
1025-DNS-dvw E. W. RADANY
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APPENDIX B

PROGRAM OUTPUT EXAMPLES




EXAMPLES OF "SIGN-ON" PROCEDURE, AND

OF "evaluate" AND "maxwgt" OPTIONS

@asg,ax erep
READY

@add erep.files
READY

READY

READY

READY

READY

READY

READY

READY

READY

READY

READY

READY

@asg,ax ersav
READY

@asg,a ersav?
READY

@use 20,ersav
READY

Quse 21,ersav2
READY

@xgt erep.ermap

CURRENT VALUES OF CONTROL VARIABLES ARE:

APASDE = 60,0000 MCATDE = 234 MISION = 2
THMIDE = =-90,0000 THMADE = 270.0000 PERWT = 1.000
| ERSAV = 0 ' ¢ |EROLD = 0 IDEVIC = TERMNL
ARCMIN = 1,000 ' OK?
yes
FIRST REV = 16. LAST REV = 440,
FIRST REV WITH ABS BETA GREATER THAN 50: 0
LAST REV WITH ABS BETA GREATER THAN 50: 0
OPTION =
evaluate
REV NO.? (14 FORMAT)
0061
OPTION =
maxwgt
X
ARCPAS = 60.0000 MCATEG = 234
THMIN = -90,.0000 THMAX = 270,0000 0.K.?
yes
REV 61 THSTRT = 22,483 THEND = 82,485
WGTMXC = 697.163 WGTMXU = 697.163

OPTION



EXAMPLE OF PRINT OPTION "prpsum"

print
PRINT OPTION =
prpsum '
TYPE PROPOSAL NUMBER (14 FORMAT)
0416
PROPOSAL SUMMARY, REV = 0
PROP FO PASS COND PASS UNCOND ACCUM TOT POS
416 1 .0 .0 11,1 33.3
416 2 .0 .0 : 33.3 33.3
416 3 .0 .0 20. 4 33.3
416 TOTAL .0 .0 64.8 100.0

OPTION =




EXAMPLE OF PRINT OPTION "prgsum"
prgsum

v HGHT ACCOMPLIESHED 0 FAR:
aLhe ACCUR UGT TOT wT PUS HO LERV FOS TOT FUS

v 767.1 18383.2 ) 140

L 383.3 6974 7 13

S 0 50.0 0 2

‘ 234 3437.4 8352.3 124 335

3 480, 1 1698. 2 27 152

34 1h3.3 683.3 L 19

N .0 2002, 0 185

THTAL 5211.3  15367.1 211 857
APTION =




print

PRINT OPTION =

pscore

EREP PTR
1.00
70.00
83.00
84.00
97.00
38.00
100.00
118.00
142.00
163,00
167.00
201.00
203,00
252,00
262,00
266,00
271.00
295.00
315.00
345,00
364,00
365.00
368.00
369.00
372.00
376.00
377.00
388.00
394.00
402.00
428.00
432.00
433.00
480.00

OPTION =

THETA S
48,92
L8.48
52,57
22,64
51,22
60.66
26,08
51.53
22,48
L6.40
48,92
51.15
k5,37
48,92
48.92
L8.92
50.46
47.15
51.49
51.23
35,48
33.48
33.48
33.48
50.50
26,52
51.05
-8065
37.80
51.24
51.49
51.24
50.46
37.80

EXAMPLE OF PRINT OPTION "pscore"

THETA E
55.86
53.71
52.86
29.99
52,64
79.96
39.80
52,25
40,75
52,36
55.86
52.21
61.37
55.86
55.86
55.86
52.67
47.18
52.15
52.90
34,92
34,92
39.26
39.26
57.34
40.75
89.02

.00
50.73
52.90
52.27
52.90
52.67
50.73

WGT UNC
14.29
6.67
10.00
50.00
33.33
6.67
6.67
33.33
4,35
50,00
50.00
11.11
1,85
50.00
25,00
25,00
25,00
10.00
10.00
5.88
8.33
8.33
8.33
8.33
8.33
25.00
25,00
50.00
16.67
5.00
7.69
50.00
47,00
50.00

WGT CON
14,29
6.67
10.00
50,00
33.33
6.67
6.67
33.33
4,35
50.00
50,00
11.11
1.85
50.00
25,00

25,00 -

25,00
10.00
10.00
5.88
8.33
8.33
8.33
8.33
8.33
25.00
25.00
50.00
16.67
5.00
7.69
50.00
47.00
50.00

CATEG
2,00
2,00
2,00
2,00
2,00
2.00
2,00
2,00
2,00

23.00
234,00
234,00
234.00
234,00
234,00
234,00
234,00
234,00
234,00
234.00
234,00
234,00
234,00
234,00
234,00
234.00
234,00
234,00
234,00
234,00
234,00
234.00
234.00
234,00



) ‘

EXAMPLE OF PRINT OPTION "revsum"

print
+ PRINT OPTION =
revsum
THSTRT = 22.4826 THEND =
yes
SUMMARY OF REV 61, THSTRT = 22,

MCATEG WGT COND WGT UNC ACCUM

2 165.3 165.3 .0

23 50.0 50.0 .0

24 .0 .0 .0

234 481.9 481.9 .0

TOTAL 697.2 697.2 .0
OPTION =

82.4826

5, THEND =
TOT WGT POS
165.3
50.0

N O

W0 Vi

5
6

0~

0.K.?

82.5
NO

R - Nl-Ne

W N



P

SRENT OPTIOH =

revsum

THSTRT

15,6282

SUMPPARY OF REY sxx, TUSTRT

PNCATEN
S
230
3
34
TOTAL

JPTION

1]

UeT o ocotp YT nne

. N
262,5
22.4h

.0

234.,9

D
237.5
73.53
.0
360,8

EXAMPLE OF PRINT OPTION "revsum"

THEND =

2

2

5.6282

= 165.F, TUFHD = 2

A
N
nn.n
5h.3
.N
154.3

ToT WrT POS
N
h12.,5
6.7
N
8.2

0.K.?
')_q.".

"N ENS

N

11

10

0

21



EXAMPLE OF PRINT OPTION "missum"

print
PRIMT OPTIOM =
missum

R

|
. SUMMARY OF ACCUNULATED SCORE FOR SL3 Hission
MISSI0N CAT  GT SAT  TOT WGT POS  HON ZERO FOS TOT EOS

23 383.3 697.4 7 18
; 234 3437 .4 8352.3 124 335
3 430.1 1698.2 27 152
| 34 143.3 633.3 4 19

TOTAL Wikl 1 11431.3 162 524

’ OPTIUN =



EXAMPLE OF PRINT OPTION "eresum"

P i
PRINT °PTION =
eresum

PROPOSAL SUIHARY, REV = 2194
PRUP FO PASS COND  PASS UNCOND  ACCUM  TOT POS
352 TOTAL .0 .0 10.6 100.0
3905 TOTAL .0 .0 100.0 100.0
5472  TUTAL .0 .0 100.0 100.0
‘ 455  TUTAL .0 .0 100.0 100.0
303 TOTAL .0 .0 40.0 100.0
446  TOTAL .0 L0 12.5 100, 0
523  TUTAL 0 L0 .0 100.0
532 TOTAL .0 .0 33.3 100.0
373 TOTAL .0 .0 .0 100.0
L85  TOTAL .0 0 100.0 100.0
502 TOTAL .0 .0 .0 100.0
. 2540 TOTAL 0 o0 100.0 100.0
3540 TOTAL .0 0 4.3 100.0
1540  TOTAL 0 n 0 19n.0
n5n0 TOTAL .0 0 o0 100.0
416 TOTAL .0 .0 A1y, @ 1nn,n
39r  TOTAL 0 0 25.0 1nn.n
60 TOTAL N N 65.f 0.0
5540  TOTAL N .0 .0 1000
345  TOTAL 0 0 100.0 100.0
2% TOTAL .0 .0 0 100.0
370 TOTAL 0 0 .0 100.0
357 TOTAL 20 0 10.6 100.0
531  TOTAL 50.0 50.0 .0 .100.0
117 TOTAL .0 .0 100.0 100.0
5407 TuUTAL U .0 .0 100.0
w13 TUTAL .0 .0 5.6 100.0
473 TOTAL 0 0 50.0  100.0
528 TuTal 100, 0 100.0 .0 100.0
5508 TOTAL .U .0 0 100.0
4508 Tulal 0 .0 .0 100.0
210 TOTAL .0 .0 100.0 100.0
523 TOTAL .0 L0 .0 100.0
553 TOTAL 0 0 50.0 100.0
555 TOTAL 0 .0 0 100.0
W43 TOTAL .0 L0 o 100.0
BEY TATAL .0 .0 50. 0 100.0
' 496 TOTAL 12.5 12.5 N 100.0
Y07 TOTAL .0 .0 75.0 109.0
n98  TOTAL .0 .0 75.0 1.0
501 TATAL 0 N 75.0 1000
568 TOTAL N N 100, 0 111, 0
396 —ATAL N N N 1nA. "
337 TATAL n n N 1000
2h9 TNTAL N N N mnn. n
() 300 TATAL .0 N N 100
hNn TOTAL N 0 100 .0 190 .1
423 TOTAL 0 n 109 .0 100.0
434 TOTAL .0 .0 50 1) 50.0
h37  TOTAL .0 0 50. 0 10¢. 0
W01 TUTAL "0 0 100,19 1009
595 TOTAL 0 0 100,10 100.0
547 TOUTAL L ) bu.J 10C.9
527 TOTAL 56.0 0.0 | 100:.0
BV TUTAL Y ) . U lot.u
501 TUTAL U 0 70,0 100, 0
557 YuTaL U U ) Loe. o



EXAMPLE OF PRINT OPTION "aldone"

print
PRINT OPTIN'! =
aldone

‘ CONPLETED F.0.S

PROP  FO NCAT  POS SCR ACCUN SCR

1540 1 2 14,29 14,29
W3y 8 2 7.69 7.69
36 12 2 7.69 7.69
562 1 2 50.00 50.00

‘ Wlv 1 2 33,33 33.33
352 20 2 2,44 2,41
352 1 2 16.67 16.67
452 1 2 5.55 5.55
4s2 3 2 5.55 5.55
52 5 2 5.55 5.55
5731 2 50,00 50.00
529 5 2 2.38 2.38
599 6 2 6.67 6.67
w97 2 6.67 6.67
a8 2 6.67 . RL.R7
a0 y A.R7 R, R7
N 1n 2 6, R7 A7
570 1 2 11.10 11,10 :

30001 2 50,10 50, N0
39% 1 ? 33.33 33,33
4017 2 10.00 10.nn
n38 1 2 50,00 50,00
W63 1 2 33,33 33,33
47y 1 2 50.00 50,00
504 1 2 25.00 25.00
504 3 2 25,00 25,00
471 1 2 33.33 33.33
517 1 2 33.33 33,33
550 1 2 6.67 6.67
550 2 2 6.67 6.67

‘ 550 3 2 6.67 G.67
550 5 2 6.67 6.67
3313 1 2 33,33 33,33
338 1 2 25,00 25.00
417 1 2 33.33 33,33
454 12 2 2,17 2.17 h
hSh o 14 2 2.17 2,17
nsy 18 2 2.17 2.17

® 124 36 2 1.45 1.45
535 2 6,25 (.25
579 1 2 h.35 h.35
577 13 2 .35 h.35
319 3 NN, )

5479 1 23 %n%,%% ﬁ%%i%%
;55 1 23 10N, nn 1nn. nn
303 2 2 ;
AT 13: 1% 1925

L35 1 23 50,00 50,00

2500 1 23 100,00 1nn nn



EXAMPLE OF PRINT OPTION "nowork"

print
PRINT OPTION =
nowork

‘ F.OLS 0N e no unpi HAS BEER pnpee

prAn Fn MCAT PAS s0p
h]r 1 2 7.G01°
harn H 2 7.00
h8r G 2 7.60
h3r 1n 2 7.00
1457 1 2 33.33
1457 2 2 33.33
2457 1 2 50.00
Ly57 1 2 100.00
L75 13 2 L,76
L75 106 2 h,76
L75 13 2 L,76
475 1v 2 b,706
475 1 2 4,76
475 L 2 b,76
475 7 2 L,76
52 21 2 3.33
COMPLETE PRINTOUT WAS INTERRUPTED AT THIS POINT.
SUMIIARY
TSSO CAT TOT POS SCR HO OF FOS
2 1075.8 97
23 312.5 11
24 50.0 2
23h a3, 2 2711
TOTAL 5131.5 371
NPT N =
OPT O IS HOT AL N,
oPTION =



—

print
NN

passum

31

v. REV "0

61
77
93
172
175
177
153
11
18h
1179
213
249
20h
24
325
340
1778
1733
1354
1869
1139
1J45
2010
2041
20506
2086
2112
2117
21532
2173
2113

neTINN

JPTIOoN =

PASSES

ONEGA

248,03
228.79
207,56
214,04
718.51
ane,en
277,46
N/ 2
212,77
217.20
120.8n
112.1¢
11C. 65
125.63
119.91
115.41
238.77
243.30
233.02
22,01
237.29
241.89
141,82
127.33
131.94
141.15
122,00
126,67
131.28
171.43
12r,058

M

Aty O 2>

oo coumiUviviviuvigy ul A

(o]

[ Y

EXAMPLE OF PRINT OPTION "passum"

HAVE BEEN ACCEPTED

S STARTS
DAY HR
ho16,2122
5 17.0753
6 17,138
7 17.747°
8 1F,.55FRN
27 1h,31N2°
1" 15,1733
11 1r,n3%87
12 15,3411
13 14,6524
1 20,1701
16 20,3460
17 19.6539
17 18,2693
21 18.43833
22 17.7457
23 19.385405
24 19,1517
23  17.9094
23} 17,2103
2 15.9667
5 15.2672
7 20.2355
9 20.3892
10 11,6892
12 18.23811
13 19,1422
1 13.4418
15 17,7414
13 17,1728
17 1f,nh0]n

THSTRT
22,48
3n,. 84
40,13
37.80
37.80
rg,3n
31.8n
1, un
2,18
45,31
106,93
103,76
11,38
107. 86
96.96
199,32
33.384
23.40
34,93
-2.82
24,0
31.58
82.28
107.31
109,69
111.40
111,27
140,35
104, 34
111.78
102,81

THEMND
82.48
90, 84

100,13
n7.an
N7,
125,3F
N, "o

1n1.nm0
1n2,98
1n5,31

166,03
163.76

159.38

167.80

156.96

259,32
93.84
89.40
94,93
57.18
84.b6Y
91.58

142,28

167.81

169.69

171.40

171,27

20n, 35

164, 34

171.78%

162,21

SUM ELEVATION

START
58.45
53. 14
57.08%
51.72
WR, AN
6h,Qr
31.°n
33,73
3n,nn
27.nn
61.17
59,62
54.70
56.87
39.84
41.38
67.42
76.12
71.153
47.67
43.51
41.87
Ly, 38
47.29
48,05
43.27
h7.11
59.58
37.48
365,27
M 23

ENp
8,34
Wy .03
1,26
he,58
US|
33,08
5 _NR
Sr, 31
57.77
52,45
29.80
Wh,01
53.18
57.07
77.706
*hk kR

7.7
16.13
23,45
58.49
45,20
43,10
29.75
24.69
29.16
39.56
W5 .71
30.31
.81
73.G5
70,45
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